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BOSTON SOCIETT OP NATURAL HISTORY. 

TAKEN FBOH THE SOCIETY'S RECORDS. 



January 8, 1872. 
The President in the chair. Twenty-five persons present. 

Dr. Anton Dohm of Jena, Dr. Annand Thielens of Tirle- 
mont, Pro£ E. Van Beneden of Liege, and M. Henri de 
Sanssore of Geneya, were elected Corresponding Members. 

Messrs. James F. Pickering, Gurdon Saltonstall, Frank W. 
Steams, George W. W. Dove, Paul S. Tendell, David L. 
Nichols, Samuel Wells, James Boll, R. Stuart Chase, Edward 
P. Austin, Charles E. Hosmer, Alfred Bowditch, William F. 
Freeman, Theodore W. Gore, were elected Resident Mem- 
bers, 

Pro£ T. Sterry Hunt made some remtarks on the so-called 
Devonian and Silurian fauna, and presented from the author 
a work on the ^Flora of the Eiiean Division," by Prof. Daw- 
son. 

Prof. W. H. Niles stated, that while studying the effects 
of pressure upon rocks, he had observed certain facts con- 
nected with the metamorphism of some pebbles contained in 
the conglomerate rocks at Chestnut Hill Reservoir. 

In a collection of these pebbles which he exhibited, each specimen 
had clustera of small acicular crystals at two directly opposite points 

FBOOIDXHGS B. 8. V. H. ~ VOL. XV. 1 AVOUST, 1878. 
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upon the surfaces. The position of these crystals bore no relations 
to the size, form or character of the pebbles, but was always directly 
related to the position of the pebbles in the rock. An imaginary line 
passing from one centre of crystalization directly to the other, while 
the pebble was in position in the rock, would represent correctly the 
direction of the dip of the stratum. Among the hundreds of speci- 
mens examined, this relation between the position of the crystals upon 
the pebbles and the inclination of the strata, was found to be invaria- 
ble. He believed that this indicated the cause of the metamorphism, 
and that the physical force which elevated the strata was likewise 
concerned in determining this constant position of the crystals. It 
was clearly evident that some of the pebbles had been subjected to a 
pressure, as they were often curved, broken and elongated, as Hitch- 
cock and others had observed at other localities. Moreover, the whole 
rock was somewhat metamorphosed. It seemed to him in this in- 
stance, at least, pressure must have been the chief cause of the first 
crjrstalline metamorphism of the pebbles, as it was also the cause of 
the well known metamorphism of form. But he was not prepared to 
explain the chemical change which had taken place. He had ob- 
served that there were often cavities between these pebbles and the 
surrounding ro«}k, at just these two points where crystallization 
appeared, and yet the crystals had so firmly united them with the 
matrix as to often make it difiicult to separate them, though at other 
points upon the surface the separation was comparatively easy. 

He exhibited some pebbles which had been broken, the parts 
slightly displaced and then united by crystalization. He hoped 
some of the members present might explain why the usual chemical 
changes had been apparently limited to these two centres of crystal- 
lization. 

Pro£ Shaler said he had observed a similar feature in the 
rocks in Switzerland, and had found there cases of the pene- 
tration of softer rocks by those of harder substance. He 
thought that the elongation of some pebbles might be due to 
lateral pressure ; this would tend to produce cavities at the 
extremities of the longer axes of the pebble. He had had 
opportunities of studying this subject in the Newport con- 
glomerate in the neighborhood of Black Point. 
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Dr. Chas. T. Jackson said that he could not admit these 
pebbles were ever plastic, and attributed their form to the 
action of water. 

Mr. A. H. Tuttle described a shelter cave once used by the 
Indians at lUyria, Ohio. 

It is at the junction of the Black and Monongahela Rivers, and has 
been disclosed by changes in the fonn of one of these rivers. Within, 
the soil to a depth of nearly three feet, is composed of ashes, bones, 
shells, etc., with fragments of pottery, axes and arrow-heads. Some 
human skeletons were said to have been found, in a position indicating 
that they had been crushed by the fall of fragments of the overhang- 
ing rocks. 

The following communication from Dr. T. M. Brewer was 
read: — 

The announcement was recently made that the committee on birds 
had obtained, by exchange, with Mr. H. W. Henshaw specimens of the 
Oporomis agUis^ or Connecticut Warbler, in the immature, and in the 
mature plumage, both male and female. As this has been regarded as a 
very rare species, and was almost unknown to the older ornithologists, 
the fact that these birds have twice made their appearance in Massa^ 
chusetts for brief periods, in comparatively large numbers, is one of 
marked interest, and worthy of mention. 

These birds were first observed in the autumn of 1870. In the 
early part of September, among the marshes of Fresh Pond, Cam- 
bridge, they were quite numerous, and a number of specimens were 
procured, both by Mr. Henshaw and by Mr. Wm. Brewster, upwards 
of fifty in alL During September and October, 1871, these birds were 
again observed in the sam3 localities, and apparently in even greater 
numbers. They were first noticed as early as Sept. 7th. From that 
time to the 27th, they were very common throughout the swamps of 
Fresh Pond ; nine were seen after October 5th. 

Wilson and Audubon speak of these birds as very lively, and hence 
their specific name of agilis. This appears to be a misnomer. Mr. 
Henshaw states that they appeared to be terrestial in habit, seeking 
their food on the ground. When startled they fly to the nearest bush 
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upon which they sit perfectly motionless, in the manner of a thrush. 
If not farther disturbed they soon return to their search for food 
among the leaves. If greatly startled they take a long flight among 
the bushes and cannot be again found. Their only note was a single 
sharp chirp, uttered when surprised. They were all remarkably fat 
and were nearly all in immature plumage. 

A letter from Dr. Brewer announcing the following dona- 
tions to the museum from Mr. Harvey B. Bradley, was also 
read: — 

Nest and eggs of Dendroica castanea^ D, coronata^ and Atnpelis 
carolinensia. The nest of the first species is new to our collection, 
and is an acquisition of great value, having been found only once 
or twice before. The nest of D. coronata is also quite rare, and is 
interesting as coining from so southern a locality as Upton, Maine, 



January 17, 1872. 

The President in the chair. Seventeen persons present. 
The following papers were read : — 
The Non-Beversionart Series of the LiPAROCERATiDiE, 

AND BeHARKS upon THE SERIES OF THE ALLIED FaMILT 

DACTTLOiD-fi. By a. Hyatt. 

In my last communication to this Society I endeavored to trace the 
reversionary series of the Liparoceratids, and necessarily left out of 
consideration all those species which did not belong to one or the 
other of the truly reversionary series. 

Of these last there is a very curious group, all the species of 
which, at a young stage, resemble more or less closely the young 
of the original type, Microdoceras Birchii, but betray by their de- 
velopment, adult characteristics and geological succession^ a closer 
affinity to Deroceras Dudrestieru 
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This species in the commumcadon referred to was shown to be the 
probable ancestor of a series of forms which include Deroceras cori' 
fusum and Deroceras densinodum. AU of my observations, as well 
as those of Qaenstedt, indicate that the true position of Deroceras 
densinodum, is between Deroceras Dudressieri and Deroceras arma- 
turn, and its geological relation is simUar. It is found in the Ra- 
ricostatusbed, just between the Obtususbed containing Deroceras 
Dudressieri and Deroceras planicosta, and the Armatusbed of the 
Middle Lias. My material, howeyer, does not permit me to com- 
pare the young of Deroceras armatum and Deroceras densinodum in 
order to ascertain whether the former is really more closely allied to 
the latter than to Deroceras Dudressieri, but Quenstedt supplies this 
deficiency in the proof. According to his figure, this species is really 
an armatus, in which the young is pilated or ribbed at a very early 
period as in Dudressieri, instead of being smooth as in armatus proper. 

The general tendency of the series, as shown by the adults and 
by the growth of individuals, is to produce the spines at wider inter- 
vals, depress or obliterate the pilae, and by decreasing the breadth 
of the abdomen render the whorl more cylindrical. Deroceras 
Davcsi carries this tendency still farther. The young being smoother, 
the spines more sparsely distributed, the fold-like pilas almost 
absent in some specimens, and wholly superseded by the projecting 
lines of the transient mouths. These having previously been 
merely subordinate pilse, have become primary and replaced the 
folds. It is not at all improbable that Deroceras aUemum, from 
Plateau de Lazac, which appears to be very closely allied to Deroce- 
ras Davm, may prove to be a local variety of the latter. However 
this may be, the young are more like those of armatus than are 
those of Davosu Deroceras minatum is labelled by Dr. Krantz 
as a new species firom the Upper Lias of the Plateau de Larzac 
It differs in the form of the adult whorl and in the septa, though 
not in the young, from Deroceras altemum of the Middle Lias. 
The sides and abdomen are flattened instead of gibbous, as in the 
latter, and the shell is much flatter and thinner. The lobes are more 
deeply divided, and larger every way in Deroceras aUemum, and the 
cells narrower at the neck, and spreading more at the base than in 
Deroceras minatum. In neither of these species are the specimens 
probably fully matured, but yet in one specimen of Deroceras alter- 
num, only a half inch in diameter, the changes are fully as extensive, 
and the septa as completely developed as in the adult of Davcei. 
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Hie quadragonal form of the whorl and the tuberculated pilae occa- 
sion in the young Deroceras minatum, during the later stages of 
growth, a resemblance to ffolandrei, which subsequently changes to 
a nearer resemblance to annulatum. 

Another series begins with Deroceras muticum of the Lower Lias, 
which appears in the Raricostatusbed, just above its nearest ally, 
Deroceras Dudressieri, This species is very much smaller than the 
last named, and differs in other respects ; but it resembles it more 
closely than Deroceras amtatum ; whether it compares in the same 
manner with Deroceras densinodum or not, I am unable to decide. 
Its adult characteristics, however, and development, while they 
approximate to Deroceras armatum, do not permit of its association 
in the same series. The absence of intermediate piles, the con- 
stancy and closeness of the tuberculated pile and the septa are very 
distinct in this species, and the huge Deroceras nodogigas of the Mid- 
dle Lias, which appears to fo^m the second term in the same genetic 
series. Both of these series exhibit, so far as I can trace, no rever- 
sionary characteristics. Whether the modifications may be consid- 
ered progressive or not, remains to be determined. There is the 
same tendency as exists in the other series of the family previously 
described to suppress the fold-like pil» and prominent tubercles. It 
is noticeable that in the armatus series this takes the same direction 
as in the genetic series of the Dactyloidse, which begins with Dacty^ 
Uoceras commune and ends with Daciylioceras Braunianum. The 
tendency in both of these groups is to obliterate the large tubercu- 
lated fold-like pilsB, with the minor ridges or pilae gathered and join- 
ing in fascicles at the tubercles, and to substitute for this and the 
flattened abdomen a rounded whorl, single, sharply defined, entire 
pilss. It must be remembered, also, that in neither of these series is 
there any increase of the involution in successive species. The 
umbilici are entirely open. The septa of Deroceras Davosi are rather 
more ornate and complicated than those o£ Deroceras armatumj and 
the lobes and cells of the latter than those of Deroceras Dudressieri, 
A certain amount of progress may perhaps be claimed for this series, 
but the other series, that of Deroceras muticum, is too incomplete. De- 
roceras muticum is certainly much smaller than its immediate ancestor, 
Deroceras Dudressieri, but on the other hand, Deroceras nodogigas is 
just as large. The septa, also, of the first named, which can hardly 
be said to be more complicated, cannot be claimed as simpler than 
those of Deroceras Dudressieri. The varieties of Deroceras muticum 
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indicate that tliere is a tendency existing in the organization to flat- 
ten the sides, and render them convergent instead of divergent. 
Whether this is a governing one or not in the series cannot be 
determined, and perhaps may never be, for it would not be at all 
surprising if these two species represented all that ever existed. 

It is well to remember, however, that this is the same tendency 
which finds a fuller expression in the series made by Dactylioceras 
commune, Holandrei^ annulatum, and Braunianum, It is here, how- 
ever, only slightly shown, and the sides do not, in the most extreme 
variety, approximate, or become so convei^ent as to make the abdo- 
men acute, as in Dactylioceras Braunianum. 

The difference between the varieties of Deroceras muticum are 
however, comparable, so far as the divergency or convergency of the 
sides are concerned, to the difference between the divergent sides o 
Coeloceras Desplacei, and the convergent sides of Dactylioceras 
Holandrei or annuUjtum\ species undoubtedly distinct and easily de- 
finable, on account of numerous other characteristics. 

Deroceras armatom. 

Amm. armatus Sow., Min. Conch., vol. i, p. 215, pL 85/ 

Deroceras armatum Hyatt, Bull. Mus. Comp. Zoology, no. 5, p. 95. 

This species has, from the earliest period, a very marked character. 
It is smooth much longer than the young of Deroceras Dudressieri, or 
than any of the Liparoceratidfle, except Microderoceras BirchU* 
This species it resembles closely in form also, and in the acquisition 
of the spines. Thus the young BirchU have no pilas, or only 
slight swellings or ridges, and in this species this condition is 
maintained throughout life. The whorl is crossed by numerous 
ridges between the spines, and three or more of these are oflen gath- 
ered into knots by the spines themselves, but no true pilae, such as 
appear in the adult of Microderoceras Birchii appear. The sparseness 
of the spines and of pseudo-pilsp or ridges is also remarkable, espe- 
cially as it is found in all of this species. 

The septa closely resemble those of Microderoceras BirchU^ — the 
.large abdominal or siphonal cell in the centre of the abdominal lobe, 
with the adjoining superior lateral cells apparently stuck on to 
the side of the latter, — the height and extremely widespreading 
minor lobes, as well as the size of the superior lateral lobes, and the 
depth, narrowness and mode of division of the superior lateral cells 
by the very prominent minor lobes, — these decisive similarities, 
and the singularly close likeness of the very ornate outlines of all 
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the lobes and cells show that there can be no doubt of the affinity of 
this species for Microderocertxs Birchii ; but the single row of promi- 
nent spines indicates that, like Deroceras Dudressieriy it is a generic 
derivative from Microderoceras Birchii. And an examination of the 
young septa shows that at one stage they have the large cell in the 
centre of the superior lateral lobes so common in Deroceras Dudres- 
sieri. Thus the species is properly and more directly a descendant 
of Deroceras Dudressieri with reversions to Microderoceras Birchiu 
The absence of a planicostan abdomen at all stages places it in 
advance of Deroceras Dudressieri. The geological position of the 
latter in the Lower Lias Obtususbett, and of this species on the bor- 
ders of the Middle Lias, confirm this view. 

Deroceras altemum. 

Peronoceras altemum Hyatt, Bull., Op. cit., p. 85. 

The young of this species is smooth, like the young of Deroceras 
armalum, the tubercles and pilae are developed slowly, as in that spe- 
cies, and the characteristics of the adults are similar, with fold-like, 
spined pUse, and numerous crenulations between. Th,e abdominal 
cell is exceedingly large. The abdominal lobe is very broad, and 
much deeper than the superior lateral lobes. The superior lateral 
cells are extremely narrow, and much cut into by the minor lobes. 
The superior lateral lobes have three wide spreading branches and 
the intermediate cells therefore are very large, and the inferior lateral 
cells very much attenuated at the top. These characteristics approxi- 
mate also to those of Deroceras muticum, though not so closely as to 
those of Deroceras Davcei, while the shell is more like Deroceras 
armatum. It possesses just the same intermediate character as Dero- 
ceras Davoeiy but is a very much smaller species, with the young 
more like Deroceras armatum. 

Deroceras DavoBi. 

Amm, Davai Sow., Min. Conch., vol. iv, p. 71, pi. 350. 

Deroceras Davoei Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 84. 

This species carries to excess the sparse distribution of the spines, 
the mere folds instead of pilae, and the multitudinous crenulations ob- 
served in Deroceras armatum. The spines unite these when they 
occur in knots, but this is subject to the greatest variations, and the 
number of the spines varies considerably. They are not present in 
the young until a late period, and then occur pretty regularly, though 
much wider apart in some specimens than in others, and finally dis- 
appear suddenly as old age approaches. The advance of age is 
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indicated not only in this way, but by the irregularity of the crenn- 
lations. These, at intervals, are almost obliterated, and then grow 
gradually more prominent, again dropping suddenly to mere . lines. 
Undoubtedly this indicates a failure of the vital powers, and a much 
slower growth of the shelL Longer and longer arrests of growth 
explain the increasing prominence of the crenulations, and a renewal 
of energy by means of these long rests may possibly explain the 
sudden smoothness ; the animal affected by senility not being able to 
build and retain the crenulations, when the old rate of growth is 
suddenly resumed. The septa resemble closely those of Deroceras 
muHcum, The superior lateral cells are, however, wider, the superior 
lateral lobes deeply divided, the inferior lateral cells very narrow. 
The abdominal lobe is deeper than the superior laterals. 

Thus while more like Deroceras muticum than Deroceras armatum 
in its septa and in the external characteristics^ of the shell, still the 
folds, instead of piles at each spinous node, the spines and the crenu- 
lations between them, are characteristics uniting it with Deroceras 
armatum. The affinities therefore are doubtful, though in my opinion 
it is nearer to the latter than to the former, and is probably a spe- 
cies in the same series as Deroceras armatum, 

Deroceras muticum. 

Peronoceras muticum Hyatt, Bull. Mus. Comp. Zoology, na V, p. 85. 

Amm, muticus D'Orb., Terr. Jurass., Ceph., pi. 80. ' 

This species has two well marked varieties, one closely* resembling 
Deroceras Dudressieri in the breadth of the abdomen and the di- 
vergency of the sides; the other peculiar, with flat, or slightly con- 
vergent sides. The pilae and lower portion or base of the spines 
are not, as in Deroceras Dudressieri, filled with shell, and they are 
very distinct on the casts ; nor do the young or adults even, so far as 
I have seen, exhibit the planicostan abdomen. The young, in other 
respects, are very similar to the young of that species, but the pilae 
and the spines appear at an earlier age. 

D'Orbigny's figure of the septa is excellent, and by comparison 
with those of Deroceras Dudressieri many constant differences can be 
observed, though the general characteristics are similar ; the narrow, 
prominent, abdominal cell, the deep divisions, or minor three lobes at 
the bases of the superior lateral cells, the huge lateral cells on either 
side of the tops of the superior lateral lobes, and the extreme nar- 
rowness of the aperture at the top of the inferior lateral cells. 
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According to OppeP this species is identical with part of Amnu 
armatus densinodus of Quenstedt, and is found in the Bancostatus- 
bed of the Lower Lias. This agrees admirably with its affinity for 
Deroceras Dudressieriy which occurs in the next bed but one below 
the Obtususbed. Quenstedt (Der Jura, p. 105) also places this 
species with raricostatus in the Lower Lias. There are, however, a 
large number of specimens labelled " Venary prfes de Semur, Middle 
Lias," by Boucault, and these are associated with others which he 
has named " svbarmaius^^* but which are merely the broad Deroceras 
DudressieriAike variety described above. 

Deroceras nodogigas. 

Peronoceras nodogigas Hyatt, Bull. Mus. Comp. Zoology, no. V, 
p. 85. 

Amm, nodogigas Quenstedt, der Jura, p. 125, pi. 15. 

The Museum possesses one large, but indifferently preserved spec- 
imen of this species, which does not enable me to throw much light 
upon its affinities. Quenstedt asserts that it is distinct from Oppel's 
Amm, armalus, which appears to be plainly enough indicated by this 
specimen. The pilae and spines have none of the irregular swollen 
and divided aspect of those of the typical armatus, but are closely 
similar to those of Deroceras muticum. They are also more numer- 
ous than in Deroceras armatum. 



SERIES CYCLOCERATIN-E. 

This series ^ exhibits some remarkably curious and interesting fea- 
tures. Like the Dactyloidse it does not increase the involution of 
the whorls, but merely the flatness of the sides, the narrowness and 
prominence of the abdomen. The approximation of the earliest 
existing species, Platypleuroceras brevispina to Microderoceras 
Birchii, is very marked, aud very curiously the adult is almost identi- 
cal with the adult of Microceras laloBcosta. From this species to the 
next but one, Cychceras Valdaniy is a considerable step. Not 
only has the character of the abdomen entirely changed from a 
rounded planicostan form to a keeled outline, but the young display 
this characteristic at an early age. The remaining species simply 

1 Die Jura fomuttioii. Jahrshefte fiir Naturk. in Wflrt., 1866, p. 209. 
* This series was formerly described as a separate flunilj in Boll. Mas. of Comp. 
Zoology, on aocoont of the difi^rences of the adults. 
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exaggerate these peculiarities. The geological succession does not 
strictly accord with the manner in which the organization of the 
species arranges them in the series. 

Plalypleuroceras hrevispma occurs in the lowest bed of the Middle 
Lias, Jamesonibed, and Cycloceras bipunctatus and Actceon in the 
next, or Ibexbed ; but Cycloceras Masseanum, instead of following 
these species, as would be naturally expected, is associated with 
Plalypleuroceras brevispina. This discrepancy will probably be ulti- 
mately explained, but at present it must be quoted as an exception 
to the usual law of agreement between zoological rank as determ- 
ined by development and geological succession in time. It is only 
fair, however, to state that the affinities of Cycloceras Masseanum 
were considered very doubtful before its geological position was as- 
certained. 



PLATTPLET7BOOEBAS. 

Flatypleuroceras brevispina. 

Amm, brevispina Sow., Min. Conch., vol. vi, p. 106, pi. 666. 

Amm. natrix (rotundus et oblongus) Quenstedt, Die Ceph., p. 86, 
pL4, figs. 16, 17. 

Flatypleuroceras laUecosta Hyatt, Bull. Mus, Comp. Zoology, no. v, 
p. 92. 

Cycloceras molare Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 92. 

In this species we find a more singular combination of the charac- 
teristics of Microderoceras and Microceras, The young are for a 
lengthened period, until, in fact, they are over two inches in diame- 
ter, very similar to Microderoceras Birchii, Then the pike begin to 
stretch across the abdomen, forming a whorl closely identical exter- 
nally with that of the adult of Microceras latCBcosia. The double line 
of tubercles is retained, however, much more persistently, and is 
usually more prominent than in the latter. The septa are very dis- 
tinct at the same age in this species, the sutures being much more 
complicated, with more prominent cells and deeper lobes, and also 
as in Microderoceras^ very deeply divided by three minor lobes. 
In the adult this contrast is not so great ; the lobes and cells appear 
to spread considerably, and become more like those of the adult of 
Microceras laUecostcu 



Digiti 



ized by Google 



Hyatt] 12 [January 17. 

CYCLO0BRA8. 

Cydoceras natrix. 

Amm. natrix Schlot Fetre&ct 

Amm, natrix Ziet Verst Wurt, p. 5, pi. 4, fig. 5. 

Cycloceras natrix Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 92. 

The adult alone was observed, and only fragments of tlie whorl, 
but these showed two lines of tubercles, single pil» not stretching 
across the abdomen, the latter region elevated and keeled. Amm, 
natrix Ziet, according to Oppel, is the same as Amm, hremajtina Sow., 
but the figure of the former has a distinct keel, whereas the latter 
has none. 

Cydoceras bipunctatus. 

Amm, bipunctatus Roem., Ool. p. 198. 

Amm, Valdani D'Orb., Terr. Jurass., Ceph., p. 255, pi. 71 

Amm, compressus Quenstedt, Die Ceph., p. 90, pi. 5, fig. 8. 

Amm. Valdani Quenstedt, der Jura., p. 181, pi. 16, figs. 2, 8. 

Cycloceras Valdani Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 95. 

Amm. bipunctatus Oppel, der Jura., p. 280. 

The young of this species shows at an early age the keel and flat- 
tened whorl of the adult, thus showing no material difference either 
in development or adult characteristics firom Trqpidoceras, which 
genus is therefore suppressed. 

Cydoceras Actseon. 

Amm, ActcBon D'Orb., Terr. Jurass., Ceph., p. 282, pi. 61, figs. 1-8. 

Tropidoceras Actceon Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 98. 

This species is very closely allied to Cycloceras bipunctatum, and I 
much doubt the propriety of separating the two. The material at 
my command, however, does not permit me to examine the younger 
stages of Cycloceras Valdani, with the requisite fullness and accuracy. 

Cycloceras JBg»on. 

Amm, ^goBon D'Orb., Terr. Jurass., Ceph., p. 284, pi. 61, figs. 4-6. 

Tropidoceras ^gceon Hyatt, Bull. Mus. Comp. Zoology, no. V, 
p. 93. 

The progressive flattening of the sides and elevation of the abdo- 
men reach a very advanced stage in this species. 

Cycloceras Masseanum. 

Amm, Masseanus D'Orb., Terr. Jurass., Ceph., p. 225, pi. 58. 

Amm, Masseanus Quenstedt, Die Ceph., p. 90, pi. 5, Bg, 2. 

Tropidoceras Masseanum Hyatt, Bull. Mus. Comp. Zoology, no. y, 
p. 98. 
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SERIES PERONOCERINiB. 

ThiB series has a development which connects it genetically with 
the Liparoceraddse, hut the adults possess the characteristic pilse and 
general aspect of the family of DactyloidsB. They combine the 
characteristics of both the Dactyloid» and Liparoceratidas without, 
however, being in any sense, so far as I can judge, transition types. 
The adults have the Dactyloidan characteristics, but these appear to 
be only mimetic. All the species of this last family, which are the 
real ancestors of the Perisphinctes group through Ccdoceras Pettos^ 
never repeat any of the characteristic features of Peronoceras in the 
course of their development, nor, on the other hand, do the young 
of Peronoceras show any genetic connection with either the young 
or the adults of the Dactyloidse. 

This series consists of Peronoceras acanthopsis and subarmattunj 
all of the Upper Lias, and found in the Posedonomyenbed. The 
horizon of acanthopsis is doubtful, but as this species is generally 
considered identical, and may ^really be a variety of svharmatumy it is 
probable that it is associated with the latter in the Posedonomyen- 
bed. The adult of acanthopsis is similar, as shown in the specific 
description, to the young of subarmalum, which resembles it in the 
flatness and breadth of the abdomen, divergency of the sides, etc. 

The young of Peronoceras subarmatum has, before the period at 
which it resembles acanthopsis, smooth, cylindrical whorls, then a 
period in which the highly divergent, tuberculated, but partly 
smooth sides remind one of Deroceras muticum. The slow increase 
of the whorls during the smooth period reminds the observer at 
once of the young Deroceras armcUum, and the subsequent resem- 
blance to the adult of Deroceras muticum, together with the near 
affinity of the septal outlines, appears to settle the question of deri- 
vation. 

PERONOCERAS. 

Peronoceras aoanthopsis. 

Amm, acanthopsis IVOrb., Prod. d. Pal. Stratigraphique, p. 247. 

Derocera.^ acanthopsis Hyatt, Bull. Mus, Comp. Zoology, no. v, p. 94. 

One specinaen of this species agreeing precisely with D'Orbigny's 
description^ was found in Bronn's collection, labelled ^^ svbarmalus** 
Jt. diflers from this species, however, exactly as D'Orbigny de- 
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scribed. The abdomen is much broader, and the pilsB are mnch more 
numerous and closely crowded. They are gathered into knots at 
the spines from both the abdomen and the sides. At irregular in- 
tervals in the young a single pila will cross the abdomen between 
the spines, aud this seems to become constant in the full grown shell. 
Whether it is to be considered a lower form of the series than Pero- 
noceras subarmatum cannot be definitely decided. The adult is 
similar to the young of that species, but the young in our single 
specimen is wanting, and it cannot be decided therefore whether it is 
an arrested development of Peronoceras subarmaium, or simply an 
undeveloped lower form. The precise geological horizon is uncer- 
tain, Oppel not mentioning the name at all. 

Peronoceras subarmatum. 

Amm. svbarmatus Young & Bird, Greol. Yorkshire, p. 250, pi. IS, 
fig. 8. 

Amm. subarmatus Sow, Min. Conch., vol. iv, p. 146, pi. 407. 

Amm.Jibulatus Sow., Min. Conch., vol. iv, p. 147, pi. 407, figs. 8, 4. 

Peronoceras tiubarmatum Hyatt, Bull. Mus. Comp. Zoology, no. v, 
p. 85. 

The separation of the two forms fibukUus and svharmaius, seems to 
me unnatural, though Oppel evidently considered th«m entirely dis- 
tinct. His material was assuredly better than mine, but nevertheless 
I venture to think that in this case he erred. In the Museum col- 
lection there are nine specimens only, but nearly every specimen is 
distinct from every other, and if ^^fihdaius" or the flattened variety, 
is a distinct species, so are the others. The range also is here much 
less, both in form and characteristics, than between the variations of 
Coeloceras Desplacei, The young are either like Peronoceras acan- 
thopsif, or they have exceedingly broad abdomens, divergent sides, 
pilse similar, numerous whorls on account of the slow increase of the 
animal in thickness, or dorso-abdominally. The pilse, however, are 
single in the young, and the tubercles do not gather them into knots 
though present at an early period. D'Orbigny quotes this species 
from the Middle Lias, but as shown, it occurs only in the Upper Lias. 

DACTYLOIDiB. 

Cosloceras pettos appears to be the central form of this family; cer- 
tainly its principal characteristics, the smooth, rotund abdomen, 
divergent and smooth sides, and single line of prominent lateral 
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tubercles along the edge of the abdomen, are repeated in the yonng, 
or during life in all the species which I have examined. There ap- 
pear to be several series, but owing to the manner in which they 
have been found, to a great degree mixed or confhsed in the same 
formation, it is not possible to pick out the series so clearly. The 
evidence afforded by the geological succession of the species is want- 
ing, and the observation made upon the zoological affinities cannot 
therefore be verified and corrected. 

The first series may be considered somewhat doubtful. 
Ccdoceras pettos occurs in the Jamesonibed of the Middle Lias, and 
in the next bed, or Ibexbed, is found the only representative of the 
first series, Ccdoceras centaunis. This species is referred with much 
doubt to the same genus, on account of certain resemblances of the 
young. If this position is the natural one for the species, it exhibits a 
degraded condition of Coeloceras pettos. The second series consists of 
Ccdoceras Desplacei, and the specimens described under the head of 
Ccdoceras a and Ccdoceras &, fipom the Middle and Upper Lias, 
This series is closely connected in some of its characteristics with 
Peronoceras, such as the fiat abdomen, and divided and tuberculated 
lateral pilaB of the young. On the other hand the untuberculated 
rotundity and single continuous piles of some varieties of Ccdoceras 
Desplacei and Ccdoceras a and h in the adults, render it somewhat 
similar to Dactylioceras. The next series, beginning with Ccdoce- 
ras pettos, and having in it Ccdoceras tnucronaium and crassum, has 
septa with a narrow abdominal lobe ; the cells and lobes are remark- 
ably simple, generally bifid, and rather small. Cceloceras crassum 
has the young like Caloceras pettos, but the sides become gibbous, 
and in some varieties finally flattened and parallel. In the next 
species, Cceloceras mucronatum, these stages are repeated in the 
young, and as the shell nears the adult period the sides become not 
only flattened and parallel, but convergent. 

The next series consist of Dactylioceras commune^ Holandrei, annu- 
latum and Braunianum, all of the Upper Lias, Posidonomyenbed. 
In the young of Dactylioceras commune we find a smooth, slowly 
increasing whorl, which resembles the young of Peronoceras subarma- 
turn at the same period. A distinct resemblance to Ccdoceras pettos 
may be shown in the young, and was traceable in well preserved 
specimens, but in others the tubercles were not apparent. The prin- 
cipal features are closely representative of the adult of Ccdoceras 
n^ucronatum^ especially of the narrow abdomen and tuberculated, but 
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widely gaping pilsB of the abdomen. This is the pervading charac- 
teristic of the growth of the individual throughout the series, and 
is as strongly marked in the young of Dactylioceras Braunianum as 
in any of the other species. The adult whorls of Dactylioceras com- 
mune are rounded, those of Holandrei flattened on the sides; in 
annulaium with sides flattened and tendency of the abdomen to rise, 
or become somewhat subangular ; in Braunianum all these changes 
are consummated in a very flat form of the whorls, and a subangular 
abdomen. The pilsB also cease to be divided on the abdomen in 
Dactylioceras anntdatum ; and in Dactylioceras Braunianum the ab- 
dominal area is smooth. 

CCELOGEBAS. 

CcBloceras pettos. 

Amm.pettos Quenstedt, Flotz., p, 178. 

Amm, pettos Quenstedt, der Jura, p. 135, pi. 16, fig. 14. 

Amm. crenalus Zieten. Verst. Wurt., pi. 1, fig. 4. 

Amm. GrenouiUousfii D'Orb., Terr. Jurass., Ceph., pi. 96. 

Codoceras pettos Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 87. 

Ccdoceras Grenouillouoni Hyatt, Bull. Mus. Comp. 2iOology, no. v, 
p. 94. 

In this species we find a remarkable form, flattened abdomino- 
dorsally ; the sides very divergent, even in the adult, the abdomen 
rising with a gibbous curvature, and the involution reaching to tlie 
line of tubercles which ornament the outer edges of either side. 

These may be either mere folds vanishing at a short distance firom 
the tubercles, or well defined pilse, passing almost entirely across 
the sides. • There is as slight change made in the septa by growth 
as in the shell. At the earliest period examined, about the third 
whorl, the sutures had the full adult proportions. The abdominal 
and superior lateral lobes were of about the same height, the inferior 
laterals very small, but the top is on a level with that of the superior 
laterals. The superior lateral cells are much longer than the in- 
ferior lateral ; the latter, however, are remarkably broad and low. 
Whether the extreme young had lobes and cells, sf^d an external 
form like Cceloceras centaurus, I am not able to say, though they 
are similar to the adult of one variety of that species. The agree- 
ment of the name on several labels led me to quote GrenoutUouxH 
independently, whereas it is evidently identical with Codoceras pettos. 
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The specimens referred to, however, under this name, as quoted above 
in the synonymy, were not identical even with GrenouillouxU, They 
are from the npper Lias, and though very similar in many respects 
to Cceloceras pettoSf really belong to Cceloceras Desplacei. 

Codloceras centaurus. 

Amm, centaurus D*Orb., Terr. Jurass., Ceph., p. 266, pi. 76. 

Ccdoceras centaurus Hyatt, Bull. Mus. Comp. Zoology, no. v, p. 87. 

The rounded and exceedingly gibbous sides, fold-like, but very 
prominent pilae, and dorso-abdominally compressed whorl are pecu- 
liar, and markedly characteristic. The sides are not so flattened and 
divergent as in Ccdoceras petios, but rounded between the pilae, and 
in certain specimens this rounding is excessive, and even the pils 
themselves are rounded off in conformity with the sides, and hardly 
elevated above them. In other specimens we have a form which in 
the young is precisely similar to this species, and then the sides 
begin to assume a great similarity to Cceloceras pettos. Instead of 
the depressions being very deep between the pilcB and those less wide 
apart and prominent, as in the typical Ccdoceras centaurus, the 
former are shallow, and the latter close together and depressed. 
The pilsB are also tuberculated, as in Cceloceras pettos^ and the whole 
of the side begins to assume the flattened convergent aspect of that 
species. The whorl, however, is not so depressed abdomino-dorsally 
as in that species, and the young are rounded as in Ccdoceras cen- 
taurus, whereas the young of Ccdoceras pettos, except at much younger 
stages, retain the typical adult characteristics of their own species. 
The septa of the young, on about the third whorl, alone were ex- 
amined. This species had a broader and deeper first auxiliary cell, 
the superior and inferior laterals were equally divided in Ccdoceras, 
pettos, and trifld, or unequally divided, in this species. The inferior 
lateral lobes are not so deep apparently as in Ccdoceras pettos, and 
the minor lobes and the whole outline more immature also, than at 
the same age in Ccdoceras pettos. Its geological position above this 
species in the Ibexbed, first attracted my attention to the fact 
that it could not be considered an ancestor of Ccdoceras pettos. The 
long duration of the smooth period in the young, the aspect of the 
pilsB and general form of the young whorl are very like the young of 
Coroniceras Bucldandi of the Low^ Lias. A comparison, however, 
shows that its septa are more like those of pettos and the abdomen 
never possesses a keel. All the evidence in our possession thus fa- 

PBOOBBOZVOe B. B. V. H.^VOL. XT. 2 AUOUBT, 1872. 
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vors the opinion tliat certtaurus is a more or less degraded descendant 
of Ccdoceras pettos or of some common ancestor. 

Codloceras Desplacei. 

Amm, Desplacei D'Orb., Terr. Jurass., Ceph., p. 334, pi. 107. 

Cceloceras Desplacei Hyatt, Bull. Mus. Comp. Zoology, no. 5, p. 94. 

The adults vary excessively, and the young also. They vary at 
all stages of growth, except the first few whorls which have sides 
invariably divergent. The sides may remain divergent with large 
spines, pilae in knots, or may become flat or rounded, either with or 
without spines, or even flattened and convergent. Often without 
spines, the lateral pilae single. The abdominal pilaB are always di- 
vided, but alternate with single pilae, which cross the abdomen with- 
out interruption. Several specimens of this species, which were 
formerly referred in the Bulletin (No. y, p. 94) to Cceloceras Grenou- 
illouxii, exhibit the characteristics of the young very fully. These 
are extremely broad, with very divergent sides. The spines are 
large tubercles, each uniting a couple of pilaa, or only perhaps thick- 
ening one. These occur sparsely, and between them are entire pilae 
which may either split on the abdomen into two or three, which is 
the more common way, or run across unbroken. This is also charac- 
teristic of the adult. The youngest stages, however, with their al- 
most smooth, highly divergent sides, and prominent tubercles on the 
edge of the abdomen gives very faithfully the prominent character- 
istics of the adult of Cceloceras peiios. 

In other varieties of Desplacei not only are the adults devoid of 
tubercles on the cast, but this may extend to the extreme young. 
Generally speaking, however, at some time during the life of an in- 
dividual, tubercles are present even on the casts. There may be some 
exceptions, but there are very few. When spines do not occur in 
the adults, as they do not, probably, on the shell itself sometimes, 
the sides are convergent, and they are conversely more prominent 
upon those shells which have divergent sides, like their own young, 
or the adult of pettos. 

Codloceras a. 

This snp.nipfl is or»nfiderably smaller than Cceloceras pettos. The 
very like the young of that species for a long 
3 become parallel and drop their tubercles, then 
8B on the abdomen at this time cease to be di- 
ross the abdomen and sides as in the last variety 
cei. During this period, also, the whorl de- 
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creases in breadth, so as to become perceptibly narrower than the 
next inner volution. Two specimens wer.e examined, one from Middle 
Lias, Milhaud Coll. De Konnick, the other from Plateau de Larzac, 
Upper Lias. The septa hardly differ from those of the adult of Ccr- 
loceras pettos, A specimen of Cosloceras crassumy having the same 
contracted outer whorl, seems to show that these may be merely 
dwarfed varieties of Coeloceras Desplacei\ the septa also sliow that 
the diminished end is not a body chamber, but part of a true whorl. 

CcBloceras b. 

This species from Plateau de Larzac appears to be different from 
all other forms. The young for a variable, but rather long period, 
probably five or six whorls, have the prominent tubercles, slight, lat- 
eral and divided abdominal pilse of Cceloceras pettos* The form, also, 
of the whorls during this time is like that of the adult of pettos. On 
about the sixth or seventh whorl the tubercles disappear, and the pilae, 
instead of splitting invariably at the abdominal border, often dichoto- 
mize on the side, as in the advanced age of certain varieties of 
Cceloceras Desplacei. At the same time several may be observed 
intermingled with these, which pass entirely around the whorl without 
division. In the course of a quarter of a volution the transition is 
completed, and all the pilo; have this character. 

CcBloceras crassum. 

Amm, crassus Phil. Geol. York., p. 12, fig. 15. 

Amm. raquinianus D*Orb., Terr. Jurass., p. 832, pi. 106. 

This species increases the abdomi no-dorsal diameter faster, and is 
therefore a larger and stouter shell than Coeloceras pettos. The pilse 
also on the sides, though still single, and each one bearing a tuber- 
cle, are more distinctly marked. On the abdomen two or three unite 
at each tubercle, and the intermediate spaces are occupied by single 
pilffi, which, however, do not extend on to the sides. In the adult 
the sides become parallel. They are at first divergent, then gib- 
bous, and finally flattened and parallel. 

CoBloceras mucronatum. 

Amm. mucronattis D'Orb., Terr. Jurass., Ceph., pi. 104. 

Coeloceras mucronatum Hyatt, Bull. Mus. Comp. Zoology, no. v, 
p. 95. 

The young of this species is like the adult of pettos, then as it 
increases in size resembles with great exactitude the adult of Coeloce- 
ras crassum, and finally the sides become parallel and flat, and begin 
to exhibit their own specially characteristic convergence. Some 
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individuals attain a diameter of one third of an inch before the Bides 
become parallel 

DACTTLIOCERAS. 

Dactylioceras commxme. 

Amm, communis Sow., Min. Conch., vol. v, p. 9, pi. 107, fig. 23. 

Amm. annularis Zeit. Verst. Wurt., p. 14, pi. 10, fig. 10. 

The adults of this species have a narrow abdomen and bifurcated 
pilsB similar to those of Cceloceras mucronaium. The piles are much 
closer set, and not tuberculated, and the sides and abdomen rounder. 
These same differences are very distinctly marked at a very early 
stage. The young are smooth, and resemble the adult of petios. The 
lateral pilsB are single, and though tubercles are present in the young 
during the pettos stage, these disappear immediately. It is doubtful 
whether any of the adult pilas are ever truly tuberculated. The 
young whorl is very broad in proportion to depth abdomino-dorsally, 
otherwise it closely resembles its own adult. The sides are not di- 
vergent but rounded, and the abdomen rising slightly. The increase 
is very slow to the adult, whose whorls are rounded and cylindricaL 

Dactylioceras Holandrei. 

Amm. Holandrei D*Orb., Terr. Jurass., Ceph., p. 380, pi. 105. 

Dactylioceras Holandrei Hyatt, Bull. Mus. Comp. Zoology, no. Y, 
p. 95. 

This species is so closely allied to Dactylioceras commune that I can 
see no grounds for their separation, except that both D'Orbigny and 
Oppel have considered them as distinct. The history of the devel- 
opment and all other characteristics are the same, except the flatten- 
ing of the sides of the adult in Dactylioceras Holandrei, 

Dactylioceras annulatum. 

Amm, annulatus Sow., Min. Conch., vol. iii, p. 41, pi. 223. 

Amm. annulatus D'Orb., Terr. Jurass., Ceph., p. 265, pi. 76. 

Dactylioceras annulatum Hyatt, Bull. Mus. Comp. Zoology, no. v, 
p. 95. 

In some specimens of this species the young appear to have been 
smooth and tuberculated, as in Dactylioceras Holandrei, but in others 
the reverse occurs. The young resemble more decidedly, in the 
single instance examined by me, the adult of Codoceras Desplacei 
than anything else. The lateral pils were bifurcated and coarsely 
tobercnlated, as in that species. It resembles Desplacei in the in 
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crease of the single pils^ which make their appearance between the 
bifurcated pilaa. • The latter do in old age entirely give way to the 
bifurcated, and in some adults are very numerous. It should be 
mentioned that Oppel found spines on the umbilical whorl of Sower- 
by's original, and the Museum specimen de*scribed above has one or 
two fin^ spines on what is probably the eighth whorL 

Dactylioceras Braunianum. 

Amm, Braunianus D'Orb., Terr. Jurass., Ceph., p. 327, pi. 104. 

Dactylioceras Braunianum Hyatt, Bull. Mus. Comp. Zoology, no. v, 
p. 95. 

The cast of this species is particularly interesting. At or just 
before the adult stage the cast does not receive any impression from 
the abdominal pilse, and looks smooth, narrow and subangular. 
The pilae are prominent laterally, and have very slight tubercles. 
That the pilas are continued on the exterior of the abdomen until 
a much later period than this, is very probable. The young of this 
species has, after the smooth stage, a period with tuberculated pilee, 
during which the shell closely resembles the adult of Cmloceras eras- 
sum, having the same form and crenulations. Subsequently we see 
a repetition of the rounded sides of Dactylioceras commune, and as 
these flatten and the abdomen narrows, the whorls resemble those of 
Dactylioceras annulatum. 

Descriptions of New -Species of Marine Mollusks from 
THE Coast 'of Florida. By Robert E. C. Stearns. 

Marginella (Glabella) opalina Stearns. 

Shell ovate, solid ; light to dark amber, some specimens showing 
obscure bands, more or less intense, of same color; subtransparent, 
smooth, polished; spire elevated, apex rounded; whorls four, suture 
distinct; aperture rather more than half the length of the shell; outer 
lip thickened, internally crenated, and strongly notched above; colu- 
mella with four well developed plaits. 

Largest specimen measured long. .21, lat. .1 inch; 

Smallest do. do. long. .17, lat. .09 inch. 

Habitat: Bocky Point, Tampa Bay, west coast of Florida, where 
several specimens were collected by Col. E. Jewett and myself; this 
beautiful little shell was found by us upon the under side of bunches of 
oyster shells, near low water mark. I know of no other species with 
which it might be confounded. 



Digiti 



ized by Google 



Steftrni.] 22 [Jannuy 17, 

Marginella (Glabella) aurcBcincta Steams. 

Shell small, solid, ovate-conic; spire elevated, • rounded at the 
apex; whorls, five, suture indistinct, being hidden by the enamel; 
aperture narrow, linear, about half the length of the shell; outer lip 
thickened, its internal edge moderate)/ potched above and crenated 
below; surface smooth, polished, white, with two revolving amber- 
colored bands; columella with four prominent plications. 

Measurement: long., .16, lat., .07 inch. 

Habitat: Long Key, on the west coast of Florida, where I obtained 
the single (living) specimen described. An exceedingly beautiful 
shell, resembling in its general features, color excepted, my G. opa- 
Una, but less robust, with a more acute spire; the internal crcnations 
of the outer lip less prominent; the colurtiellar plaits less conspicuous, 
closer and more oblique. The color of the bands will quite likely be 
found to vary in different individuals; in my soHtary specimen the 
bands are a light, clear amber, golden when seen through the intensi- 
fied light of a magnifier, suggesting the gilded striping on French 
porcelain. 

Drillia ostrearum Steams. 

Shefl small, elongated, slender; spire elevated, sub-acute; whorls, 
seven or eight, concavely angulated above and moderately convex 
below; longitudinally sculptured with (16-20) rounded ribs, incon- 
spicuous on the angle, most prominent upon the extreme convex- 
ity of the whorls, decreasing and becoming obsolete anteriorly ; in- 
tersections of sculpture nodulous; suture marked with a thread-like, 
revolving rib; color, dingy yellow to purplish black ; aperture ovate, 
narrow, about two-fifths the length of the shell; outer lip thin, with 
a rounded, shallow notch near the suture; columella nearly straight, 
canal short. 

Measurement: long., .67, lat., .24 inch, largest specimen; long., 
.51, lat., .18 inch, smallest specimen; number of specimens, three. 

Habitat: Pine Key, Tampa Bay, west coast of Florida, where I 
found them on punches of oysters, in a shallow pool overflowed 
by the tides. The sculpture varies in prominence in different 
individuals. 

Mangelia stellata Steams. 

Shell small, fusiform, turrited, yellowish tinged more or less 
with reddish brown; number of whorls seven, angulated above; su- 
ture distinct; sculptured with twelve to thirteen strong, smooth, 
longitudinal ribs, which extend to the extremity of the basal Tola* 
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tion, which also shows near its termination a few revolving lines; in- 
tercostal spaces marked by fine incremental striss; aperture narrow, 
rather oblique, less than half the length of the shell; labrum effuse, 
externally much thickened, and deeply notched near the suture; ca- 
nal short; columella somewhat calloused and bent forward. 

Measurement: length of largest specimen, .35 inch, lat., .14 inch. 

Habitat: Tampa Bay, west coast of Florida, where I obtained 
specimens on the mainland at Rocky Point, and in a lagoon at Point 
Penallis, upon an oyster bar in lagoon at Pine Key, also on Long 
Key. 

This well marked species varies in color from light buff to dark 
ferruginous brown; the mouth in most of the specimens is of the lat- 
ter color. Viewed from above this simple shell has the form of a 
many short-pointed star. 

Architectonioa tricarinata Stearns. 

Shell small, solid, trochiform, moderately elevated; whorls four, 
angulated, with three equidistant, prominent, revolving ribs on the 
periphery of the basal volution and two on the whorl above ; suture 
distinct, sometimes 'marked with an inconspicuous, subnodose rib; 
aperture round, peritreme much thickened ; umbilicus profound, 
strongly crenulated; color of shell white, more or less spotted and 
blotched with light red or dark umber; number of specimens, seven. 

Measurement: The largest measures long., .12 inch, lat., .IG inch. 

Habitat: Long Key and shores of mainland, Tampa Bay, west 
coast of Florida, where I found it (dead) on the beaches; it was also 
collected by Col. E. Jewett and Dr. Wm. Stimpson. 

Specimens vary one from another in sculpture and color markings ; 
in one specimen the sutural rib is of equal prominence with the other 
ribs, and in all the specimens the sutural rib is broken into slight 
nodules, which are, as well as the umbilical crenulations, regularly 
spotted with dark umber; other specimens show inconspicuous rib- 
lets on the external portion of the outer lip, which soon blend into 
the general surface of the shell. 

Siphonaria naufragum Stearns. 

Shell oval, depressed conic, with numerous fine radiating ribs of a 
whitish color, the interspaces of a reddish or chocolate brown ; also 
marked by many fine and occasional, irregular, coarser, concentric 
frtriae; edge of the shell internally finely crenulated; muscular impres- 
sion distinct; siphonal groove shallow, inconspicuous; shell moder- 
ately convex in outline ; apex recurved, subcentral, nearer the pos- 
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tenor margin ; interior of shell enamelled, witb same color marks as 
externally ; number of specimens, twenty-five. 

Measurements of largest and smallest as follows: long., .98 inch, 
lat., .71 inch, alt, .47 inch; long., .78 inch, lat, .54 inch, alt., .85 
inch. 

Habitat: Outer beach of Amelia Island, east coast of Florida, 
upon the timbers of an old wreck,^ near low water mark ; numerous 
specimens of this fine species were collected at the same time by my 
friends Col. E. Jewett and Dr. William Stimpson. 

Carithidea turrita Steams. 

Shell small, elongately conic, rather delicate, purplish white to dark 
purple, with whitish revolving band on the middle of the whorls, in- 
conspicuous except in the aperture; spire gradually tapering; whorls 
twelve, moderately convex, with sixteen to twenty prominent, smooth, 
equidistant, whitish longitudinal ribs, which terminate abruptly a lit- 
tle below the periphery of the last whorl, with a single narrow, revolv- 
ing keel below; suture deeply grooved; anterior portion of body- 
whorl smooth or marked only by incremental lines; aperture rounded 
above, subquadrate below; outer lip effuse, externally thickened; 
labium anteriorly prolonged, angulated ; in some specimens the peris- 
tome is continuous. Number of specimens (adult) about one hun- 
dred, varying in measurement firom Ion. .61, lat .16 inch to Ion. .33, 
lat. .11 inch. 

Habitat: Point Penallis, Tampa Bay, west coast of Florida, where 
I found it abundant beneath a confervoid growth in a shallow lagoon, 
associated with Cyrena Flotidana] also Mullet Key, Col. E. Jewett; 
Dr. Stimpson found specimens at other points on Tampa Bay. 

C, lurrita is much smaller than Say's species (C scalari/ormis), 
which has a greater number of longitudinal and several revolving ribs; 
it is a more delicate and handsomer shell than C.^ ambiguum C. B. 
Ad., from Jamaica, which it somewhat resembles; k is smaller than 
C. costataj of Da Costa, from New Providence in the Bahamas, which 
latter is more finely and closely ribbed. All of the above species pos- 
sess characteristics in common, which place them naturally in the 
same group, analagous to the West American group, of which C 
Montagnei and C.pulchrumare representatives. 

iSee "Bambles In Florida," In Am. Naturalist, vol. in, p. 287. 
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The following donations were announced, two. woodpecker's 
nests from Mr. Chas. Haggles of Hardwick, Mass., to whom 
thanks of the Society were voted, and a finely mounted Snow 
Bunting from West Dedham, by Mr. C. E. Copeland. 

The President appointed Messrs. John Cummings and R. 
C. Greenleaf, Drs. T. M. Brewer, S. L. Abbot, and B. Joy 
Jeffries, a conunittee to nominate a person to fill the offices of 
Secretary and Librarian. 



Section of Entomology. January 24, 1872. 

Mr. Fred. A. Clapp in the chair. Eleven persons present. 

Dr. Hagen read a paper on the epidermic and hypoder- 
mic colors in insects. 

Mr. F. G. Sanborn exhibited living specimens of Boreas 
nivoriundus Fitch, recently taken by him on the surface of 
the snow in the " Bussey Woods,*' West Roxbury. This spe- 
cies differs from A hrumdlie Fitch in the reddish color of the 
legs and aborted wiugs, as well as in being slightly larger. 
It leaps on the snow a distance of four inches, but on a sheet 
of paper in a warm room cleared about eight inches at a 
spring. The female is uppermost during connection. 

Dr. Hagen spoke of the parallelism between these und the 
two European species, which differ in size and color just as 
the American species do. 

The following subjects were mentioned by the Secretary 
of the Section, as among the most desirable for investigation 
during the coming season : — 

1. The insects living directly or indirectly on the "black- 
knot" {Sphmrium marbosum Schwein) of the plum and wild 
cherry. 
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2. What species of Troehilium or its allies bore, in the 
larval state, the birch, willow and ash? 

3. To rear from the egg or larva any of our common 
Lampyrides. 



February 7, 1872. 
The President in the chair. Thirty-two persons present. 
The following paper was read : — 
Description of the Whale (Bax^enoptera musculus) that 

CAME ASHORE IN BoSTON HaRBOR, NoV. 25, 1871. By I^OMAS 

Dwight, Jr., M. D. 

Although nothing specially new is to be learned from the gross ap- 
pearances pf this whale, yet they ara worthy of note, for it is by the 
description of every specimen that can be examined* that the obscu- 
ity may be removed which now confuses the classification of the 
Finners. 

I first saw the carcass on November 27th, two days after it had 
drifted ashore dead, at Point Shirley, and I visited it on several sub- 
sequent occasions. Excepting in the tongue, which had the appear- 
ance of a green feathei^bed, there was but little decomposition ; the 
abdomen, however, was somewhat inflated, and in places the epider- 
mis was beginning to peel ofi*. It is never easy to measure a whale 
accurately, and as in this case I went alone and with only a short 
tape measure, many of the results are open to doubt I was unable 
to take the girth at any point, and on account of the position of the 
animal some measurements were in part by estimate ; they are, how- 
ever, I think, pretty accurate. The length is the one concerning 
which I am most in doubt, but I believe that a straight line fix)m.the 
snout to the fork of the tail approached, but did not exceed, 65 feet 
The expanse of the flukes was about 16 feet 

fi. in. 
From the tip of the lowerjaw to the front of the blow holes .... 10 10 
To the insertion of the fore limb (partly by estimate) ...... 18 

Breadth of skull between the eyes 6 6 

From the notch in the tail to the dorsal fln * 13 4 

Base of dorsal fin 2 6 

Height of dorsal fin 1 4 
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The individual was a female. The most striking feature was the 
proportionate length and slenderness of the tail and the great beauty 
of its lines. 

The color was black on the upper side of the animal, and of the 
flukes and flippers ; white below. The transition from one color to 
the other was rather gradual. The yentral folds extended from near 
the point of the lower jaw to within six feet five inches of the geni- 
tal opening. The external surface of the folds was white and the 
clefts black between the outer and upper folds, but between the low- 
est of a pinkish hue, with occasional black blotches. Mr. Murie has 
called attention to the fact that one fluke of the tail is convex above 
and the other convex below, which Prof Struthers (Joum. Anat. 
and Pbys., Nov., 1871) believes to be due to the position in which 
the body may lie. I examined this specimen with regard to this 
point several times in the course of about three weeks, during 
which there had been great changes of temperature, though usually 
it was very cold, and I was unable ever to discover any difier- 
ence in the form of the two flukes. The whalebone could not be 
well examined, but was white toward the end of the jaw, further 
back striped with black, and ultimately entirely black as far as could 
be seen. 

As compared with the specimen in the Museum of the Society, 
which for convenience I have, in my paper on it in the Memoirs, 
called the " Boston Whale," this one, though evidently of the same 
species, is much more slender; and this is not due alone to a 
less degree of distention, but to the fact that in proportion to the 
head the body was decidedly longer. The length of the Boston 
Whale in the flesh was 48 feet, and of the skull after dissection 12 
feet — precisely one-quarter ; but in this whale the skull after removal 
was less than 15 feet, as I am informed on good authority, which is 
less than one-fourth of 61 feet, whicli is the very least estimate (and 
I think is an under-estimate) that I ever made of the animal. These 
proportions are more in accordance with the measurements usually 
given than are those of the Boston Whale, and considering that the 
latter was in the adolescent stage, or at from two-thirds to three- 
quarters of its normal length, the question arises whether the increase 
of length after that age is not due chiefly to an elongation of the 
vertebral column ? 
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The following paper was read ; — 

Mr. F. W. Patnam gave an account of a recent examination he 
had made of an ancient "fortification" on the Wahash River. 

After the adjournment of the Indianapolis meeting of the Ameri- 
can Association for the Advancement of Science in August last, it 
was his good fortune to be able to take advantage of the kind ofier of 
Prof Cox, State Geologist of Indiana, to make an examination of 
an ancient earth work at Merom, Sullivan Co., Ind., which had been 
christened **Fort AzaUan" by Mr. John Collett, Assistant of the Sur- 
vey, and is so designated on the geological map of the County. Ac- 
companied by Messrs. Cox, Collett, Codke and Emerton, and provided 
with free passes over the Terre Haute and Indianapolis, and the 
Evansville and Crawfordsville Railroads, by the open-handed liberal- 
ity of the officers of the roads, and cordially entertained and greatly 
assisted by T. Keams, Esq., President Holmes, the lioctors Harper 
and other kind friends in Merom, be was able to make a partial ex- 
amination of the earth work, of which the following engraving, 'pre- 
pared from a large plan made by Mr. J'. H. Emerton, from plottings 
taken with the assistance of Messrs. Holmes and Collett, gives the 
outline and general character. 

The " fort" is situated on a plateau of loess, about one hundred and 
seventy feet in height above low water, on the east bank of the river. 
On the river side, the bank, which principally consists of an outcrop 
of sandstone, is very steep, and forms the western line of the fortifi- 
cation, while deep ravines add to its strength on the other sides; the 
weak points being strengthened by earth works. The general course 
of the work is from the north, where it is very narrow (not over 50 
feet) owing to the formation of the plateau, south along the river 
bank about 725 fl. to its widest portion (at H) which is here about 
375 ft. east and west. From this point it follows a deep ravine south- 
erly about 460 ft. to the entrance end of the fort The bank trav- 
ersed by the entrance road is here much wider than at other portions, 
and along its outer wall, running eastward, are the remains of what 
was evidentiy once a deep ditch. The outer wall {A^B) is about 
30 ft;, wide, and is now about 1 1-2 ft. high; a depressed portion of 
the bank, or walk way, then runs parallel with the outer wall, and 
the bank (C, jD) is then continued for about 20 ft. further into the 
fort, but of slightly less height than the front. Through the centre 
of these banks there are the remains of a distinct roadway «about 10 ft. 
in width. 



Digiti 



ized by Google 



X 









"ISTft ^ImTftT^ 



Digiti 



ized by Google 



Vatnam.] 30 [February 7, 

From the northeastern corner of this wide wall the line continues 
northwesterly about 350 feet along the western ravine to a point 
where there is a spring, and the ravine makes an indenture of 
nearly 100 feet to the southwest. The mouth of the indenture 
is about 75 feet in width, and the work is here strengthened by 
a double embankment (E, F), The natural line of the work fol- 
lows this indenture and then continues in about the same northerly 
course along the banks of the ravine, to the narrow portion of the 
plateau about 650 ft to the starting point. 

There is thus a continued line, in part natural and in part artifi- 
cial, which, if measured in all its little ins and outs, would not be far 
from 2450 ft. 

Besides the spring mentioned as in the indenture of the eastern 
ravine, there is another spring in the same ravine about 1 75 ft. to the 
north of the first, and a third in the southwestern ravine about 125 
ft. to the west of the 'southwestern corner of the work. 

Looking at all the natural advantages ofl?ered by this location it is 
the one spot of the region, for several miles along the river, that 
would be selected to-day for the erection of a fortification in the vi- 
cinity, with the addition of the possession of a small eminence to the 
north, which in these days of artillery would command this fort. 
Having this view in mind a careful examination was made of the em- 
inence mentioned, to see if there had ever been an opposing or pro- 
tective work there, but not the slightest indication of earth work 
fortification or of mounds of habitation was discovered, though 
some five or six miles up the river on the Illinois side, at Hutsonville, 
a large group of some fifty-nine mounds of habitation were investi- 
gated. 

The interior of this fortification contains much of interest, and its 
history may yet be in part made out by a more extended examina- 
tion than it was possible to make during the few days given to its ex- 
ploration. 

On crossing the outer wall a few low mounds are at once noticed, 
and all around are seen largp circular depressions. At the southern 
portion of the fort these depressions, of which there are forty-five in 
all, are most numerous, thirty-seven of them being located south of a 
hue drawn from E, on the northern side of the indenture of the east- 
em ravine, to the projecting extreme western point of the fort at H. 

These depressions vary in width from ten to twenty-five or thirty 
feet and are irregularly arranged, as shown by the accompanying cn- 
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graving, where they are represented hj the black circles. One of the 
six depressions opposite the indenture of the eastern ravine is oval in 
shape, and is the only one that is not nearly circular, the others vary- 
ing but a foot or two in their diameters. 

Two of these depressions were dug into, and it was found that they 
were evidently once large pits that had gradually been filled by the 
hand^of time with the accumulation of vegetable matter and soil which 
had been deposited by natural action alone. In some instances largo 
trees are now growing in the pits, and their many roots make digging 
difficult. A trench was dug across one pit (/), throwing out the soil 
carefully until the former bottom of the pit was reached at a depth of 
about five feet. On this bottom ashes and burnt clay gave evidence 
of an ancient fire, and at a few feet on one side several pieces of pot- 
tery, a few bones of animals and one stone arrowhead were found. 
A spot had evidently been struck where food had been cooked and 
eaten, and though there was not time to open other pits there is no 
doubt but that they would tell a similar story, and the legitimate con- 
clusion to be drawn from the facts is that these pits were the houses of 
the inhabitants or defenders of the fort, who were probably further 
protected from the elements and the arrows of assailants by a roof of 
logs and bark or boughs. The great number of the pits would show 
that they were for a definite and general purpose, and their irregular 
arrangement would indicate that they were not laid out with the sole 
idea of acting as places of defence, though those near the walls 
might answer as covers from which to fire on an opposing force 
beyond, and the six pits near the eastern indenture, in front of 
three of which there are traces of two small earth walls, and the 
two commanding the entrance pf the fort, would strengthen this 
view of the use of those near the embankment. 

In many of the ancient fortifications that have been described by 
Mr. Squier and others, pits have been noticed, but they have been 
only very few in number, and have been considered as places for the 
storage of food or water. The great number in this small earth- 
work, with the finding that one at least was used for the purpose of 
cooking and eating food, is evidence that they were for some other 
purpose here, though some of the smaller ones may have answered 
for storehouses. 

The five small mounds were situated in various parts of the en- 
closure. The largest {G) was nearly fifty feet in diameter, and was 
probably originally not over ten feet in height. It had been very 
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nearly dug away in places, but about one-fifth of the lower portion 
had not been disturbed. From this was exhumed one nearly perfect 
human skeleton, and parts of several others that had been left by 
former excavators. This mound also contained several bones of ani- 
mals, principally of deer, bear, opossum and turtles; fragments of 
pottery, one arrowhead, a few fiint chips, and a number of thick 
shells of unios, two of which had been bored near the hinge. From 
this mound a number of human bones have been taken by Dr. H. 
Frank Harper. 

The second mound (/), which was partly opened, was some 
twenty-five feet in diameter and a few feet in height, though proba- 
bly once much higher. In this a number of bones of deer and other 
animals were found, several pieces of pottery, a number of shells and 
a few human bones. The other three mounds, one of which is not 
over ten or twelve feet in diameter and situated the fiirthest to the 
north, were not examined internally. 

The position of all the mounds within the enclosure, which are 
indicated by the white circles on the cut, is such as to suggest that 
they were used as observatories, and it may yet be questioned wheth^ 
the human and other remains found in them were placed there by 
the occupants of the fort, or are to be considered under the head of 
intrusive burials by a later race. Perhaps a further study of the 
bones may settle the point. That two races have buried their dead 
within the enclosure is made probable by the finding of an entirely 
different class of burials at the extreme western point of the fortifi- 
cation, indicated on the engraving by the three quadrangular figures 
at H. At this point Dr. Harper, the year previous, had discovered 
three stone graves, in which he found portions of the skeletons of 
two adults and one child. • These graves, the stones of one being still 
in place, were found to be made by placing thin slabs of stone on 
end, forming the sides and ends, the tops being covered by other 
slabs, making a rough stone coffin in which the bodies had been 
placed. There was no indication of any mound having been erected, 
and they were placed slightly on the slope of the bank. This kind 
of burial is so distinct from that of the burials in the mound, that it 
is possible that the acts may be referred to two distinct races who 
have occupied the territory successively, though they may prove to 
be of the same time, and simply indicate a special mode adopted for 
a distinctive purpose. 

Mention has been made of a group of fifly-nine mounds a few 
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miles up the river from Merom, on the Illinois side. The relatiye 
position and size of the mounds in this group is shown by the preced- 
ing cut £:om a plan made by Mr. Emerton, assisted by Mr. CoUett. 
This group commences just beyond the river terrace, and widens out 
to the east and west, covering a distance of about one thousand^ feet 
from the mound, on the extreme east to that furthest west, and con- 
tinues southward, back from the river, on the second, or prairie 
terrace, some fourteen or fifteen hundred feet. The greater number 
of the mounds forming the group are situated in the northern half 
of the territory covered, while only ten are to the south of this central 
line. The mounds are very irregularly dispersed over the territory 
included in the limits mentioned, and vary in size from fourteen to 
eighteen feet to forty-five or fifly in diameter, and are now from a 
foot and a half to five feet in height, though probably formerly much 
higher. Four of the mounds at the southern portion of the group 
were surrounded by a low ridge, now somewhat indistinct, but still 
in places about a foot in height. These ridges are composed of dirt, 
evidently scooped up from round the base of the mound, as between 
the ridge and the mound there is still a slight and even depression. 
The ridges about the two southernmost mounds (0, P) have openings 
nearly facing each other, while the one to the north of them (3f ) has 
the ridge broken on both the eastern and western sides, and the 
one still farther to the north (£) has the ridge entire. 

In referring to this group of mounds I have called them mounds of 
habitation, and it seems as if that was most likely to have been their 
use. First, from the character of the surrounding country, which 
is level, and only some twenty-five or thirty feet above the present 
river, with every indication of a clear, damp soil in former times, 
though now the part not under cultivation is covered with a heavy 
growth of trees, several large trees even growing immediately on 
some of the mounds. What would be more natural to persons wishing 
to avail themselves of this terrace prairie, and proximity to the river, 
than to make a mound on which to erect their dwelling ? 

Secondly, their great variation in size and irregularity in position, 
would indicate that a number of persons had got together for some 
common purpose, and each family, working with a common view to 
provide for certain ends, had erected a mound, varying in size ac- 
cording to the number at work upon it, or the degree of industry 
with which its makers worked during the time at their disposal. 

Thirdly, four of the mounds, marked Ky Af, N and on the cat, 
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were most carefbllj examined, to ascertain if they were places of 
burial, one of them {K) being opened by digging a trench through 
it some three or four feet in width, and to a depth of about one to 
two feet below the level of the surface on which the mound was built. 
The other three were opened from the top, by digging down in the 
centre until the original underlined surface was reached. None of 
these excavations brought a single bone, or an implement of any 
kind to light, but, on the contrary, showed that the mounds had been 
made of various materials at hand, and in one case ashes was found 
which had probably been scraped up with other material and thrown 
upon the heap. 

Fourthly, tiie ridges surrounding four of the mounds may be the 
dirt thrown up to help support a palisade, or stake fence enclosing 
these particular mounds for some special purpose. The absence of 
human remains and all refuse in the shape of '< kitchen heaps," as 
well as implements, would seem to indicate that the place was not 
inhabited for any great length of time, and that it may have been 
simply a place of resort at special seasons, or for some particular 
purpose. That the mounds are of quite ancient date there can be 
no question ; but beyond the fact that at least a second growth of 
trees has taken place on some of them, we have no data for indicat- 
ing their age. 

Dr. Chas. Pickering remarked, in confirmation of Mr. Put- 
nam's theory, that the Indians along the Sacramento live in 
similar pits, and also in huts erected on slight elevations, and 
use obsidian arrow-heads at the present day. 

Mr. R C. Greenlea^ in behalf of the Nominating Commit- 
tee, appointed at the last meeting, reported as their nom- 
inee for the offices of Recording Secretary and Librarian, 
Mr, Edward Burgess. 



February 21, 1872. 

Pro£ A. Hyatt in the chair. Thirty-three persons present. 
The following paper was read ; — 



Digiti 



ized by Google 



KneeUmd.] 36 [VebnuiySl, 

On the Glaciers of the Yosejotb Valijbt. Bt Db. 
Samuel Eneeland. 

There have lately come into my possession some interesting, and 
I think, concluslTe observations as to the former great extent of the 
glacier system of the Sierra Nevada Mountains, in die neighborhood 
of the Tosemite Valley. They seem to throw light upon the causes 
which formed the valley, or rather, by way of exclusion, upon ihe 
forces which, did not form it. Before calling your attention to these 
observations, whjch have recently been made by Mr. John Muir, a gen- 
tleman who has made the region of Yosemite his study for years, and 
who records thus his personal examinations, it may be well to say a 
few words on the physical configuration of the region, that the force 
of his remarks may be better appreciated. The maps of the Greo- 
logical Survey of the State will furnish all the explanation required. 

In aU this immense region, with a radius of fifteen miles at leasts 
there are now no proper glaciers, though there are large accumula- 
tions of snow upon the higher crests and in their valleys, whose melt- 
ing in the summer gives rise to the magnificent cataracts of the Yo- 
semite Valley, The rocks, as every traveller there knows, are 
smoothed and polished to the very edge of the valley, showing the 
former existence of an immense sheet of ice. What ordinary travel- 
lers saw on a limited scale, Mr. Muir has examined on a very large 
scale, having traversed the upper Sierra in all directions, and ascer- 
tained the existence of a glacier system, firequently alluded to in the 
" Geology of California " published by the State, whose size and 
direction had previously been rather guessed at than determined. 
That there are no glaciers there, as in the Alps, and comparatively 
little snow remaining till summer, is accounted for by the rapid evap- 
oration in the very dry air of these high ranges. Not only are 
grooved polishings found, but well marked moraines in the higher 
part of the range; but they do not exist to any great extent in the 
valley proper, though they are traced far down the three great 
canons at the eastern end, the Tenaya, Merced or Nevada, and Bli- 
louette or South canons. There is a well marked median moraine 
fi*om the union of the Nevada and Tenaya glaciers, on the north 
side of the Merced river, near the hotels — well rounded, and now 
overgrown with large trees. The markings indicate a former gla- 
cier extending from Mt. Dana and Mt. Lyell, 13,000 feet high, fifteen 
miles in length and more than a mile thick to the edge of the valley ; 
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these marks are plain 09 the Sentinel Dome, 4,150 feet above the 
valley, and the Society have seen, and will soon be in possession of, 
a slab from Tenaya cafion polished hj the ice, brought home by Mr. 
Waterston, which I have here. This glacier filled the upper or little 
Tosemite valley, a counterpart of the larger one, but 2,000 feet 
higher, communicating with it above the Nevada fall, the main stream 
of the Merced river flowing through both. Also, a glacier passed 
down the Illilouette cafion from the Obelisk group to the edge of the 
great valley. It has been generally assumed that the land at the 
head of the Merced river was not high enough for the formation 
of a glacier into the valley. 

Now comes the question, which Mr. Muir proposes to discuss : Was 
the valley once occupied by a glacier ? 

The folldwing are Mr. Muir's observations, almost*in his own words, 
in a recent letter to Prof. Runkle : 

" I have been over my glacial territory, and am surprised to find 
that it is so small and firagmentary. The work of ancient ice, which 
we proposed to christen * glacial system of the Merced,* is only a few 
tiny jtopraost branches of one tree in a vast glacial forest. The 
Merced ice basin was bounded by the summits of the main range, 
and by the spurs which once reached to the summits, viz., the Hoff- 
man and Obelisk ranges. In this basin not one island existed, for all 
of its highest peaks were overflowed by the ice, Mt. Starr King, South 
Dome, and alL Vast ice currents broke over into the Merced basin 
from the Tuolumne, and most of this Tuolumne ice had to cross the 
Tuolumne canon. 

" It is only the vastness of the glacial pathways of this region, that 
prevents their being seen and comprehended at once. A scholar 
might be puzzled with the English alphabet, if it were written large 
enough, and if each letter were made up of smaller ones. 

" The beds of these vast ice-rivers are veiled with forests, and a 
network of small water channels. The sketch shows that Yosemite 
was completely overwhelmed with glaciers, and they did not come 
down gropingly to the main valley of the Merced by the narrow, 
angular, tortuous canons of Tenaya, Nevada and Illilouette, but they 
flowed grandly and directly above all of its highest domes, like a 
steady stream, while their lower currents went mazing down in the 
crooked and dome-blocked channels of canons. 

" Glaciers have made every mountain form of this whole rcT:ion ; 
even the summit mountains are only fragments of their pre-glacial 
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selves. The summits enclosing the hasins of the glaciers are steeper 
on the north than on the south side, on account of the greater depth 
and duration of the ice sheltered from the sun ; and this difference 
in steepness between the north and south sides of summits is greater 
in the lower, as those of the Obelisk group. Such mountains as 
Starr King, Cloud's Rest, Cathedral Peak, etc., do not come under 
this general law, as their contours were determined by the ice which 
flowed about and above them; but even among these inter-basin 
mountains we frequently And a marked difference in steepness be- 
tween their north and south sides, because many of the higher of 
these, and crests extending east and west, continued to shelter and 
to nourish fragmentary small glaciers long after the disappearance of 
the main stream to which they belonged. 

<' In ascending any of the principal streams of thiis region, lakes in 
all stages of decay are found in great abundance, gradually becoming 
smaller and more recent until we reach the almost countless ones of 
the summits. Upon the main Merced and its branches there are not 
less than a hundred of these lakes, from a mile to a hundred yards in 
diameter, with many more of much smaller size. Both Yosemite and 
Hetch-Hetchy valleys are lake basins filled with sand, and the mat- 
ter of moraines abundantly and rapidly supplied by their swift de- 
scending rivers from upper moraines, 

" The mountains above Yosemite have scarcely been touched by 
any other denudation than that of ice; perhaps all of the post-glacial 
denudation of every kind would not average an inch in thickness for 
the whole region. I am surprised to find that water has had so little 
to do with mountain structure in this region. None of the upper 
Merced streams give record of floods greater than those of to-day. 
A cross section of the glacial and water basin of the Nevada branch 
of the Merced, a few miles above the little Yosemite, shows glacial 
striffi, clezCr and unwashed, with undisturbed glacial drift nearly to 
the water channel of the river, whose perpendicular walls are about 
two feet deep ; this stream even in flood was never more than five 
feet in depth, showing a water area, as compared with the ice stream, 
utterly insignificant." 

With the light of Mr. Muir's observations, it seems to me that the 
formation of this valley could not have been due to the action of 
water or of ice. 

The characteristic feature of this valley is the concentric structare 
of the granite, as seen in the " Domes " and " Arches." According to 
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Prof. Whitney, who has given this region more study than any other 
geologist, this structure is not the result of the original stratification 
of the rock, and there are no evidences of anticlinal or synclinal 
axes; the curves, arranged strictly with reference to the surface of 
the masses of rock, show, in his opinion, that they were produced by 
the contraction of the material while cooling or solidifying, giving 
the impression that one sees the original shape of the surface. That 
the peculiar appearance of these dome-like structures, very general 
in this portion of the Sierra, is not the result of ice or water action, 
is shown by the overlapping of these concentric granite plates, over- 
hanging the valley, and causing the enormous cavities or ** Arches,' 
. left by the fall of the masses from the action of the frost and the ele- 
ments, at the present time high above the reach of ice or water. 

According to Mr. Muir, as taken from his published and unpub- 
lished letters to newspapers and friends, there were in the Merced 
basin, — bounded by the ridge extending from Mt. Lyell northwest- 
erly to the Cathedral Peak and to Mt. Hoffman ; by a shorter paral- 
lel ridge eight or ten miles to the westward, running also northwesterly 
to Mt Clark of the Obelisk group; and a connecting ridge running a 
little east of north to'Mt Lyell, this last being the divide between the 
tributaries of the Merced river on the north and the San Joaquin on 
the south, an area ten miles square on each side of the middle or 
Nevada canon of the Yosemite valley — there were three great cen- 
tral glaciers, named respectively from the south northward : 1. The 
Nevada, coming down the cafLon of that name, through the little or 
upper Yosemite valley, in which now flows the main stream of the 
Merced with the Nevada and the Vernal falls, flowing in a gener- 
ally west direction from the Lyell group, and about twelve miles long. 
2. The Tenaya, in the cafioh of that name, coming down by Cloud's 
Best and, leaving as its most beautiful traces the Tenaya and 'Mirror 
Lakes — flowing in a southwesterly direction from the Cathedral 
Peak and the neighboring simimits; of about the same size at the Ne- 
vada glacier. 3. The Hoffman glacier, from the easterly slope of 
the mountain of that name, coming into the valley by Indian caflon, 
the North Dome, and the Glacier caiion. The marks left by these 
glaciers, miles in length and width, and thousands of feet in thick- 
ness, are now the polished surfaces, the smoothed domes, the exten- 
sive moraines, the beautiful lakes, and the green meadows — the 
strisB and grooves are mostly obliterated by the frosts and the rains 
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and the streams of centuries, except in a few protected, small, and 
hardly accessible places. 

The fourth great ice stream which flowed to the Yosemite valley, 
was the glacier which filled the basin of the Yosemite creek on the 
north side of the valley, from which now descends on the edge the 
beautiful Yosemite Fall, 2,600 feet high. This basin has been thor- 
oughly examined by Mr. Muir, who estimates its glacier as having 
been fifteen miles long, five wide in the middle, and in many places 
1000 feet deep — uniting with the central glacier in the valley by a 
mouth extending from the east side of £1 Capitan to Yosemite point, 
east of the Falls, a distance about four miles; on the north flowed 
by the great Tuolumne glacier from Mt. Dana and its range, the 
mightiest of these ice-rivers. It came from the western and south- 
western slopes of Mt. Hoffman, and the main stream flowed nearly- 
south; it had several branch basins among the higher spurs of this 
range, flowing to the east, now abounding in small clear lakes, set in 
the solid granite, without the usual terminal moraine dam. The 
north sides of these, and most of the spurs and ranges in this portion 
of the Sierra, as long since noticed by Prof. Whitney, are very steep 
compared with ^the southern, and as the spurs here mainly run east 
and west, their glaciers were deeper, more sheltered from the sun, 
and therefore longer lived than the main stream ; the result is small 
glacier action, little detritus, and a quiet melting into clear lakes, 
with comparatively small borders of the meadows so characteristic of 
the disappearance of the lower glaciers. Though the declivity and 
rate of progress of some of the tributaries were great, the -main 
stream, according to Mr. Muir, was rather level and in one part of 
its course compelled to make a considerable ascent; to this fact of 
levelness, width at mouth, and overwhelming power of the concen- 
trated central glaciers, he attributes in great measure the present 
height of the Yosemite Falls. The main stream of the Merced river, 
flowing through a narrow and deep canon, has in its course the thim- 
dering Nevada and Vernal falls; while the wide and gently sloping 
Yosemite basin conducts its stream almost noiselessly and with com- 
parative smoothness till it makes its final and only feathery plunge of 
half a mile vertical descent into the valley. 

Looking into the Yosemite glacier basin from any of its surround- 
ing domes, you see many small patches of dark forests, apparently in 
close contact with bare rock, which mark the places of the firagment- 
ary moraines of the basin, as later eroding agents have not had time 
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to form a soil thick enough for the general growth seen in die valley 
itself. Wherever, says Mr. Muir, a deep tributary was laid against a 
narrow ridge, sheltered from the sun by surrounding rocks, there are 
invariably found one or more small terminal moraines; melted off 
from the main trunk, with an independent and longer duration, their 
moraines are left entire, because the water basins above them do not 
furnish streams large enough to wash them away, as is the case in 
the moraines of the canons and deeper water courses. In the basins 
of exposed tributaries there are no terminal moraines, as their gla- 
ciers disappeared with the main stream. He says <^ -Medial and lat- 
eral moraines are common upon all the outside slopes, some of them 
nearly perfect in form; but down in the main basin there is not left 
one unaltered moraine of any kind, immense 6oods having washed 
down and levelled them into border meadows for the present stream, 
and into sandy flower beds and fields for forests.'' 

Between the three upper tributaries of the Yosemite basin glacier, 
he found well defined medial moraines, these having been preserved 
from levelling floods by their position on the higher slopes, with only 
small water collections behind them. Down at their junction, where 
they were swept round by the main stream, is a large level field of 
moraine matter, which, like all the drift fields of this basin, is covered 
with a dense forest, principally the Pinus corUorta and Pkea amabilisj 
the summit forests being composed almost entirely of this thickly- 
growing and pitch-covered pine. The domes of this upper basin pre- 
sent the same concentric structure and perpendicular cleavage already 
alluded to in the North and the Half-Dome of the Valley. Next west 
of the Yosemite basin, on the north side of the valley, is the Ribbon 
stream basin, in which now runs the stream flowing into the valley 
west of El Capitan by the Viigin's Tears fall, dried up so early in the 
summer that it is rarely seen by travellers. This basin Mr. Muir 
found was occupied by a glacier, flowing nearly south, about four miles 
long, and three wide, joining the central glacier, west of £1 Capitan. 
He spent two days in this basin, whose glacier was one of the small- 
est which entered the valley, the most of whose ice was derived from 
a south-west spur of the Hofiinan group. The slope of its bed is 
steep and regular, and its ice must have moved with considerable ve- 
locity; exposed to the southern sun, it must have disappeared among 
the first, leaving a comparatively long period for the obliteration of 
the striated surfaces by the storms and the various disintegrating 
agencies of the weather ; as in the Yosemite basin, the unprotected 
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rock is disintegrated four inches deep, and no ice marks could we ex- 
pect to find except upon hard quartz, or under a protecting boulder. 
Though he has not yet found the glacial striss, the fact of its exist- 
ence is fully proved by the moraines, and meadows, and valley 
grooves, characteristic of glacial action here; its smooth and lake- 
like basin has fine forests of firs, (Picea amdbUis and P. grandis) 
growing upon moraines leveled by overflowing waters. 

Next west of this, on the north side, he explored the Cascade basin, 
and in it he soon found a large patch of the old glacier bed, polished 
and striated, with the direction of the flow clearly indicated as 
South 40° West. At the head of the Cascade meadows he discovered 
a well defined terminal moraine, and the ends of both ridges which 
formed the banks of the ice are broken and precipitous, indi- 
cating great pressure. Following up one of the tributaries some 
miles, he found throughout the entire length many polished surfaces, 
moraines, and stris, giving as clear and unmistakable evidence of gla- 
cial action as can be found anywhere in the Alps. 

Still farther to the west is the Tamarack basin, which had its gla- 
cier opening into the cafion of the Merced below the Yosemite valley, 
and still others for more than twenty miles west of the valley proper, 
which he intends to explore hereafter. 

On the south side of the valley was also a glacier of immense 
extent and thickness, coming down from the Obelisk or Mt. Clark 
group, overtopping Mt. Starr King, the main stream flowing in a 
westerly and northerly direction— entering the valley of the Blilou- 
ette or South canon, one of its great sheets scoring and polishing the 
Sentinel Dome and Glacier Point Farther to the west, on the south 
side, was also the Pohono glacier, in the basin where now flows the 
stream of that name, pouring into the valley under the name of the 
** Bridal Veil** fall, nine hundred feet in height. 

While the Sentinel Rock and the Cathedral Rocks on the south 
side were fashioned by glaciers, so the Washington Column, North 
Dome, and the Three Brothers mark the action of the ice stream on 
the north side; the depressions between these peaks being so many 
glacier grooves or valleys, modifications, doubtless, of previously ex- 
isting cafions or gorges. 

Judging from what has already been discovered, it is altogether 
probable that future investigation will demonstrate the former exist- 
ence of an immense glacier in this portion of the Sierra Nevada, 
larger even than Mr. Muir supposes, extending quite to the foot hills 
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of the range, — causing by its gradual decay and tremendous force 
the present configuration of the country, with its streams, fertile 
meadows, and forests, — covering; the Mariposa region, and carrying 
in its detritus the auriferous sand, so profitably worked in the beds of 
its rivers — extending over the present valleys of the Merced and 
Tuolamne rivers, even into the plains of the San Joaquin river and 
the Stockton valley. 

Mr. Muir's researches, have, I think, shown that all of the higher 
basins were filled with ice, with a sheet so deep and universal, that 
only a few of the highest crests of the Sierra were large enough to 
separate it into individual glaciers — many of the highest, and the 
great domes having been flowed over and polished and rounded, like 
the boulders in a river. The enormous thickness and weight 
of this universal glacier Trill explain the marks of pressure above 
alladed to in the Cascade glacier; this, with the glaciers filling 
the valley, was but an insignificant fragment of the great whole. 
Glaciers poured into the valley by all its deeply covered cafions, and 
the great depression of the valley, we now behold with wonder and 
admiration, was hardly more than a deep rut in the grand pathway 
of this magnificent ice stream, so high did its thickness rise above the 
walls of the valley. All the rocks, and mountains, and domes, and 
meadows of the upper Merced we can now readily believe received 
their peculiar forms and distribution through the agency of ice, and 
not of water; and that the domes and canons and walls of the great 
valley itself have been fashioned by the same ice-action — the ice 
stream finding the valley previously existing, modifying, but not pro- 
ducing it, through the grand combination of its forces acting in a 
long continued, uniform direction upon granite of the peculiar con- 
centric structure above alluded to. 

Among the most characteristic proofs of the existence of former 
glaciers here, are the innumerable lakes and meadows of the Sierra. 
The glacier receives boulders, and transports sand and dust from its 
polishing of the surrounding rocks, and on retreating builds up a ter- 
minal moraine, which forms a dam for the waters which are derived 
from the melting ice, at the same time by its irresistible grinding 
hollowing out a lake basin more or less deep. Gradually retiring, 
and finding a long period of rest under protecting rocks, it forms 
another moraine and dam like the first, but higher up, scooping out 
another basin and forming another lake. If the glacier then formed 
disappears two lakes are thus formed, one above the other, as are 
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frequently found ; if there are more numerous periods of rest, there 
will be a chain of lakes in proportion to this number. 

At first pure and filled with floating ice, in course of time the 
streams from the higher crests and the melting snows carry their 
detritus to these rock-rimmed lakes ; then the lake becomes fringed 
with a border of yellowish and brown carex, or sedges, denying 
their lowly sustenance chiefly from their water-absorbing leaves ; 
then, as the soil increases in thickness, come other rush-like plants 
and mosses in the swampy edges, exactly defining the limits of the 
water ; then the grasses, and the flowers, and the dirubs, and the 
forests, as the meadow becomes more solid and extended. In the 
spring of the year, these high meadows are flooded with water from 
the ridges on each side, and are at all times to be traversed cau- 
tiously by the traveller, a wandering from the path being attended 
with the danger of sinking inextricably into the springy and treach- 
erous peat-like bog. 

With these facts before us, it seems to me evident that the forma- 
ation of the Tosemite Valley is not due to water. The erosive ac- 
tion of water, the tremendous power of which the Niagara gorge 
amply proves, is well seen in the Sierras, but not remarkably in this 
portion of it ; its action does not produce such vertical walls as those 
of this valley, nor such perpendicular surfaces in granite as the sides 
of El Capitan, more than three thousand feet high, meeting each 
other almost at a right angle, and with faces turned down the valley 
in a direction opposite to that in which water must have acted. 
There is no source for water of depth suflicient to have filled this 
valley ; and the Half Dome rises two thousand feet above the top of 
the valley, and the same above the action of water had it filled the 
whole valley — this is five miles in length, one-half to a mile wide, 
with very irregular sides, and a narrow outlet at its western ex- 
tremity. 

It should be remembered that the material to be worn by water 
here is granite, comparatively indestructible by agents which might 
readily wear away and undermine the shales and limestone at Niag- 
ara. The granite behind the Vernal fall is hardly at all worn by 
water, and even most of this possible erosion may be more reasonably 
attributed to ice. The insignificance of the water area compared to 
the ice area in the canons here has been shown by Mr. Muir in the 
Nevada glacier basin, and the fact that floods have never risen, and 
do not now rise high enough to change perceptibly the proportion of 



Digiti 



ized by Google 



IS72.] 45 [Kneelaiid. 

these areas. Floods now arise from rains and molting^snows in all 
probability as great as ever occurred from the melting of the glaciers, 
said jret their action upon the walls of the caiions and the contour of 
the ralley is not perceptible. Such a flood occurred in the latter 
part of December of last jear, 1871, as witnessed by Mr. Muir, and 
described in a letter from him, in which he writes that more than one 
hundred cataracts were then pouring into the valley, and forty in 
sight at one time, each one with more water than flows over the Ne- 
vada or Vernal fall in midsummer. We can not believe, therefore, 
that any causes now in action there, have had much to do with the 
formation of the cafions and the valley. 

Has ice, then, made this valley ? 

After Mr. Muir's observations, there can be no doubt that ice once 
filled this valley, and overwhelmed it at least one thousand feet deep, 
making a total thickness, supposing the valley to have antedated the 
glacial period, of more than three thousand feet of ice. From the 
sketch as given by him, it will be seen that, while the upper layers of 
the ice stream moved with irresistible force and considerable velocity, 
as shown by the polishings and the inclination of the surfaces, the 
comparatively insignificant portion of the glacier in the valley, from 
the narrowness of the cafion of exit on the west, could not have moved 
. much, but must have slowly wasted away, remaining long afler the 
main glacier had disappeared, leaving a lake of gradually decreasing 
depth, and at last a wide valley, with the narrow and shallow Merced 
river in it, fbd by the snows of the upper ridges. 

Was the valley formed by ice? The Hetch-Hetchy valley, an 
almost exact counterpart of the Tosemite, but smaller, and about 
sixteen miles farther north, through which flows the Tuolumne river, 
as the Merced flows through the Yosemite, throws light on this ques- 
tion. Hie Tuolumne glacier, the largest in this region, flowed across 
this valley and across a canon three thousand feet deep, on its way 
to join the great glacier of the Merced basin below Yosemite ; the 
course of the former across the latter is shown by the grooving of 
the rocks, and yet the Hetch-Hetchy valley and its canon above 
show groovings in their own axis, about east to west, the great gla- 
cier moving more nearly south-west. The united Tuolumne and 
llerced glaciers, below Yosemite, moved very nearly west, across the 
numerous angles of the crooked canon of the Merced. These two 
valleys and their cafions, though half a mile deep, and each with their 
local glaciers, were so small in comparison to the great ice sheet, that 
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this flowed over them without being influence^} \>j them ; the form of 
the valTeys and cafion was doubtless modified by the ice, which, had it 
produced them, would have greatly multiplied them, and have made 
these singular depressions the rule and not the exception ; and more- 
over the valleys would have borne in size a closer relation and pro- 
portion to the immense force that was at work over them. 

There seems no hypothesis left except the one given by Prof. 
Whitney, in the Geology of California, a hypothesis which his and 
all subsequent investigations seem to me to strengthen, viz. : that dur- 
ing or after the upheaval of the Sierra, there was a subsidence, the 
bottom of tiiese valleys sinking down to an unknown depth, the de- 
bris going to fill the abyss. During the glacial period they were filled 
with ice, which, gradually melting formed great lakes, imprisoned by 
moraines at the lower part; these have gradually been washed away 
by the floods, and scattered over the plains of the Merced, Tuolumne 
and San Joaquin meadows ; now only a small stream flowing along 
the bottom, which is slowly filling up, the small and comparatively 
undisturbed last terminal moraine extending across the valley about 
opposite £1 Capitan, the force of the diminished flood being enough 
to cut a passage for the Merced river without disturbing the glacial 
deposits above its highest level. 

Evidence of tremendous volcanic agency is not wanting in this re- 
gion. Some of the high peaks are found capped with lava; Mt. 
Dana, perhaps the highest, has its granite nucleus flanked with meta- 
morphic slates. This agency is even now active, as is shown by the 
hot springs and geysers which abound, and by the many severe 
shocks of earthquakes near the coast, of the extent and severity of 
the last of which, a few years ago, not the half of the truth has ever 
reached the public. 

The general absence of debris on the sides — the splitting of the 
Half Dome, with its perpendicular face of nearly half a mile abovo 
'the edge of the valley and facing it — such immense vertical masses 
as El Capitan, can hardly be explaned by any theory except that of 
subsidence. This is an exceptional theory perhaps, but the phe- 
nomena are also exceptional. 

Whether this subsidence may have taken place during the Cham- 
plain epoch, which succeeded the Glacial period, ftiture investigations 
must determine ; in either case, the valley must have been filled with 
ice, and the subsidence would seem especially liable to occur, whether 
from volcanic disturbance alone, or assisted by an immense weight 
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of orerlying ice, from the concentric structure of die granite, whicli 
has been remarked hy all observers throughout tJiis region. 

If the Talley was not formed by water or ice, its width (on an aver- 
age, half a mile,) the absolute non-correspondence of the two walls 
eveiy allowance being made for subsequent erosion, and its depth, 
would prevent us from regarding it as a geological fissure ; we can 
form no idea of a force which could separate these immense Sierra 
ranges to the distance of half a mile. Being east and west in direc- 
tion, great and little Tosemite and Hetch-Hetchy, and transverse to 
the line of upheaval, they cannot be considered as the result of 
folding. 

Prof. Runkle said, in company with Mr. John Muir he had 
studied the Yosemite Valley cursorily during the past sum- 
mer, and that he thought Dr. Kneeland correctly explained 
the origin of the peculiar domes and half-domes. 

After some discussion on this subject, the Society pro- 
ceeded to ballot for a Recording Secretary and Librarian, 
which resulted in the election of Mr. Edward Burgess to 
those offices. 

The gift, of a large boulder of jasper and iron from the 
Mass. Institute of Technology was announced, for which the 
thanks of the Society were voted. 



Section of Entomology. February 28, 1872. 

Mr. C. S. Minot in the chair. Ten members present. 

Mr. Gurdon Saltonstall was elected a member of the Sec- 
tion. 

Mr. James Boll exhibited a beautiftdly prepared collection 
of insects taken by himself during the winter, including eight 
species of Diptera, a beetle from the Juniper, Desmiphora 
tommtosafy several Lepidoptera, Oracilariaj Lithocolletia^ 
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ChlechiOy Solocera glanctueUou, raised from acorns, Erasiria 
nigrittda^ and other interesting insects. 

Mr. B. P. Mann exhibited drawings illustrating the extern 
nal anatomy of the thorax of Tdea polyphemus. 



The following paper was presented in substance Dec 7,' 
1870,^ but publication has unavoidably been postponed until 
the present time. 

Hints Towabds the Post-Tertiary E^stort op New Eng- 
land, FROM Personal Studt op the Rocks, with 
Strictures on Dana's " Geology of the New Haven 
Region." By John B. Perry. 

A paper by Pro£ Dana, on the Greology of the New £[aven Re- 
gion, with special reference to the origin of its topographical features, 
has recently made its appearance in the transactions of the Connec- 
ticut Academy of Arts and Sciences. It has also appeared in a 
separate form. This account, as coming from one of generally recog- 
nized ability as a geologist, is eminently deserving of notice. It has 
a special claim to attention, smce it is a more thaii ordinarily 
detailed exposition of a single neighborhood, which the author has 
had unusually favorable opportunities for^studying, during a long se- 
ries of years, with great minuteness and care. So, again, it has pe- 
culiar interest, as indicating the waning prevalence of the ^ iceberg 
hypothesis,** and as being itself an evidence of the advance already - 
made in the recognition and adoption of the " glacial theory," so ably 
propounded and defended by Prof Agastiz as a generalization from 
his studies of the glaciers of the Alps. It is likewise deserving of 
particular regard, since it gives in miniature, due allowance being 
made for local differences, what may be presumed to be the author's 
view of the glacier of the Connecticut, and, in fact, of what occurred 
in New England generally during the Post-Tertiary era. 

It may not therefore be amiss to take up the fiaper furnished by 
Prof Dana, and the matter of it as presented by him in connection 
with other phases of the subject, in order that a more thorough un- 
derstanding of its import may be reached; that all the good there is 

> See *' Proceedings of the Boston Society of Natural History/' vol. ziv., p. 62. 
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in it may be confirmed; that, if any points chance to be inade- 
quately handled, they may be snpplemented; and that, if possible, 
new aspects of the trath may be brought to light. Perhaps it will be 
specially worth while to examine with critical care some of the views 
set forth, that we may learn on what foundation they rest; to ques- 
tion given position closely, in order to discover just what weight 
shoald be accorded to them; also to sift particular statements, both 
that we may know how much confidence they deserve, and the way 
be prepared for a better elucidation of many points not yet fairly un- 
folded. In this manner we may hope to secure greater accuracy, and 
to make some substantial advances in knowledge. 

With the desire of gaining a more intimate acquaintance with the 
matters suggested, I accordingly enter upon an examination of this 
paper. In doing this it is proper to bear testimony to the evidences 
of scholarship and careful inquiry which it exhibits, and to commend 
many points as excellent and well put. With the aim of securing 
most benefit and of working to the greatest advantage, I propose in 
this examination to follow, with requisite modifications, the order of 
the paper, while some well-ascertained fisusts relating to other parts of 
New England will be given as occasion requires. This course being 
taken, new light is likely to be supplied firom various sources to elu- 
cidate, temper and modify what is advanced by Prof. Dana, and 
thus by combination, perhaps more depth, breadth and clearness 
will be gained than would be otherwise possible. Having such an 
end in view, I proceed to notice 

I. THB OLAOIAL REGION. 

This, so far as the paper under consideration deals prominently 
with topography, is New Haven and its environs. It is also by im- 
plication the whole of New England. The author aims to show '*by 
special facts, and by the course of events, that the region [about 
New Haven] in the glacial era, like that of New England to the 
north, was moulded at surface largely by the action of the Connecti- 
cut Valley glacier and its underfiowing streams, and covered, through 
the subsequent melting of the ice, with stratified and unstratified 
drifl formations simultaneously.'* ^ In various passages of the paper 
the writer distinctly indicates that, in his opinion, all the northern 
portions of the continent were thus overspread by an immense sheet 

> See title page of ttie pamphlet. 

FBOOBHDDIQ8 B. B. V. B.—VOL. XV. 4 AUOUST, 1872. 
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of ice. He also speaks of the ''universal glacier." This expression, 
however, is in various ways so limited by him that it is clearly evi- 
dent that he refers to a body of ice mantling nearly, if not quite, all 
the boreal part of North America, and not to such a view of the uni- 
versality of glacial agency as has been propounded by Prof. Agassiz. 

Such is, substantially, our author's estimate of the region which he 
supposes was shrouded in ice during the so-called glacial period. 
Whether so much surface was then covered by an icy garment, or 
whether, indeed, there were any glaciers in this neighborhood at that 
time, is another question which must be answered according to the 
testimony. While, however, some are still indisposed to believe that 
vast fields of ice were spread over thb portion of the continent; 
while the view of an almost universal glaciation of the earth during 
the period in question has not as yet been widely adopted; while 
there is no time in this place to discuss the facts appealed to in its 
support, it is very interesting to observe the progress that has been 
made in the reception of what has been called the ''glacial theory." 
Thirty years ago it had only just begim to be thought of, and when 
first suggested it seemed to many incredible; in some quarters it was 
scouted as wild and visionary. It, however, gradually gained ground ; 
from time to time it was expanded and enlarged in its scope ; by de- 
grees its bearings came to be better seen, while it was so ably pre- 
sented and vindicated that it is now widely recognized, and is 
gaining acceptance wholly, or in part, with the great majority of ge- 
ologists. Meanwhile the iceberg theory, which years ago was almost 
universally adopted, is now held by far fewer than formerly, and in 
a very restricted sense even by such as will endeavor to sustain it 

Which of the two suggested solutions of the problem is right? 
whether both may not be wrong ? or whether each have not some- 
what of truth and somewhat of error ? and if so, which is the better 
able to explain all the facts concerned? are queries which can only 
receive an adequate answer as the evidence comes before us. Mean- 
while Prof. Dana's view of the matter is very explicit Referring to 
the results effected during the glacial period, he says even on the ti- 
tle page of his pamphlet "that icebergs had no part in the matter, 
and the supposed iceberg sea over New England no existence." 
This language is decided, and shows conclusively, that, in respect to 
all this region, the author stands firmly and squarely on the glacier 
hypothesis. As to the validity or invalidity of his position, we shall 
be better prepared to judge when we look at the &cts involvecl, and 
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endeavor to put them to the test of a rigid examinatioa. But before 
proceeding to an orderly exhibition and discussion of these facts we 
ought to glance for a moment at a few points relating to the earlier 
histoiy of the region ; in other words, we need cursorily to notice 

n. THE FRE-GLACIAL TIMES. 

Hiese, as preparing the way for what was effected during the last 
days, receive, as they properly should, a few passing remarks from 
the author. The lowest rocks in the valley of the Connecticut be- 
long to the two grand divisions known as the Massive and the Foli- 
atedy the farmer consisting for the most part of igneous masses, the 
latter of gneiss and the associated beds of crystalline schists. Above 
these are a few sedimentary layers, which are perhaps Devonian. 
They occur in the northern limits of the Massachusetts portion of 
the valley. A short way south of these beds may be seen the cele- 
brated deposit known as the Connecticut River Sandstone, which 
extends thence southward to Long Island Sound. 

^ One of the last events of the Paleozoic ages/' according to 
Professor Dana, " was the formation of the Connecticut River Val- 
ley, by the bending of the earth's crust." ^ That there was a very 
marked action at about the time specified, there seems to be abund- 
ant proof. It is perhaps equally plain, though the evidence be of a 
kind with which the author does not evince the same familiarity, that 
many preliminary steps had been taken in this direction long before 
the close of the Permian period. That each such step tended to 
<- the bending of the earth's crust," and that in places it was actually 
bent, is no doubt true ; but there appears to be equally good evi- 
dence that there was not merely a bending, or a series of plications, 
but that there were also a great many breaks — far more than some 
seem disposed to recognize or admit. Not a few valleys and chasms, 
which were once cited as decisive proof of the effect of simple 
aqueous agency, are now known to have had their inception in frac- 
tures and faults; these, of course, prepared the way for the subse- 
quent action of water and ice, which with other associated instru- 
mentalities performed their legitimate work of erosion. So it is not 
perfectly apparent that this valley was formed merely by bendings 
of the earth's crust. A close inspection of the position of the exist- 
ing rocks, especially in east and west sections, clearly shows that 

1 Geology of the New Haven regioD, p. 46. 
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denudation has been a very prominent agency concerned in its form- 
ation. If any one doubt this, let him scrutinize the evidence which 
he will everywhere encounter, as he advances from Long Island 
' Sound to the Connecticut Lake. Then, too, at times so late as the 
Permian or tiie Triassic, probably the older rocks, now forming con- 
siderable portions of the bottom of this valley, were generally to a 
considerable extent solidified ; they were perhaps to such a degree 
hardened as not to bend readily, like plastic material, but rather, 
after somewhat of yielding, to break like a pipe-stem, or any other 
form of baked clay. It is not, moreover, so clear as the language 
used seems to imply, that the Palaeozoic age witnessed " the forma- 
tion of the Connecticut River Valley." While a beginning was 
certainly made in Palseozoic times, the greater part of the work was 
no doubt accomplished at a far later day.^ Again, it is not so ev- 
dent as the author seems to suppose, tiiat the formation of this val- 
ley actually " took place as a sequel to, or in connection with, the 
crystallization of tiie granite, gneiss, crystalline schists, and other 
similar rocks, which make the bottom of the valley." ^ That Uie 
rocks referred to received their crystalline structure at so late a day 
is a point which, so far as appears, is simply assumed ; a point, in 
confirmation of which I have thus far failed to find any adequate 
evidence; a point, therefore, which seems to need a thorough re- 
investigation, and in respect to which I hope at some future time to 
ofi*er a series of facts accompanied by germane suggestions, pointing 
in an entirely difierent direction. 

According to Professor Dana, ** the first fact of the succeeding age 
[comprising the Triassic, the Jurassic and the Cretaceous], of which 
there is record, is the existence of a Connecticut valley estuary, 
twenty miles or more wide, stretching from New Haven to northern 
Massachusetts, . . . and the commencing deposition in this estu- 
ary of the Bed Sandstone formation. The production of this forma- 
tion is believed to have taken the whole of tiie Triassic period, . . 

> Since the above was written. Professor Agassix, while in oonvenation on 
this point, said to me. "I liave come to the some condosion. The Connecticut 
valley is very recent, Post-Tertiary." On his return from a sojourn in the val- 
ley of the Connecticut and among the White Mountains, where he passed the 
last summer, he in substance added: I have now found evidence that geologists 
have scarcely begun to appreciate the work of denudation efltected during the 
Glacial period. 

s Paper dted, p. 46. 
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and also part of the next or Jurassic period." ^ Among other points 
here suggested, the question may be fairly asked, whether this estu- 
ary had not an earlier origin than supposed ; whether it does not date 
back, if not to the beginning, at least to a portion of the Permian 
period ; and thus, whether the lower sandstone — that, for instance, 
on the western border in the neighborhood of Greenfield — be not 
of Permian (or Dyassic) age, and not Triassic. It may be also 
asked, whether the next higher portion be Permian and Triassic, or 
Triassic and Lyassic, or simply Triassic ; and finally, whether the 
uppermost beds be merely Triassic, or Triassic and Jurassic. These 
points,* respecting which Professor Dana seems to have no doubt, for 
he calls all the beds Triassic and Jurassic, are beset with difficulties 
of no ordinary magnitude. They are accordingly brought forward 
with diffidence, and still with hope that new light will be speedily 
thrown upon them, such light as will place the matter beyond the 
possibility of mistake. Regarding them as by no means settled on a 
satisfactory basis, I have raised these questions as preliminary to a 
more searching investigation and adequate determination, which I 
hope soon to make, of the relative ago or ages of the great sandstone 
deposits of the Connecticut valley. 



in. THB P06T-TERTIART TIMES 

Are now to receive, afler these introductory considerations, more 
special notice. It is perhaps best to present them first of all in 
outline. As Professor Dana suggests, they may be conveniently 
divided, according to the indication of the rocks met with in New 
England, into subordinate periods. Beginning with the older, he 
designates his divisions as, (1) the Glacial epoch, (2) the Champlain, 
and (3) the Terrace or Recent The term ^* epoch ** as thus used to 
indicate a lapse of time, is, no doubt, open to objection. It is prop- 
erly applicable, not so much to a period or an extension, as to a 
point of time — to the moment that marks a culmination or a crisis. 
Thus" epoch " refers to a point, " period " to a duration — that is, 
the way from one epoch or point, round to another point — of tim»*. 
If it be joined to a word usually expressive of duration, it should 
simply mark it as a point, or halting-pltice, according to the original 
meaning of the word among kindred durations ; as an acme, and 

> Fiper dted, p. 40. 
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thus as being for some such reason distinguished from, and superior 
to, other similar periods of time. 

As to the nomenclature adopted by Professor Dana for the desig- 
nation of the divisions of the Post-Tertiary, a few words may not 
l>e out of place. The first term, *' Glacial," ^ to such as admit that 
the agency of ice was predominant during the period under consid- 
eration must seem comparatively free from objection. It being con- 
venient, as well as characteristic, we may adopt it with advantage. 
The second, or " Champlain," is preoccupied, it having been 
employed by the New York geologists as descriptive of a series of 
formations lying along the border of Lake Champlain, at the time of 
its adoption generally supposed, and now well known for the most 
part to answer to the original Cambrian, or Lower Silurian of Eng- 
land and Wales. To the third term, ** Terrace," some are likely to 
take exception, since the terraces are the result of several different 
processes, and really belong to successive stages of action. On the 
whole, however, it is a good name, and may be adopted with advan- 
tage. Meanwhile a careful study of the monuments of the time thus 
designated, and so of the agencies operative during its continuance, 
in portions of New England which were not subject at least to the 
action of the sea, and which are favorable to the discrimination of 
differences, has suggested several minor divisions, and the employ- 
ment of the word in a sense more restricted than that implied in Mr. 
Dana's " Terrace epoch." The recognition of these smaller sections 
of geologic time is of moment, insomuch as they are calculated to 
show more distinctly the steps of progress characteristic of the 
period. Their recognition is also of importance, since, if they be 
investigated in detail, they are able to throw light on preceding 
periods, which, as more remote, cannot be, in most instances, studied 
in all their minutiae to so great advantage. 

The relation of this classification to that of Sir Charles Lyell, 
should receive a moment's notice, especially as the latter is &mil- 
iarly known, and has been widely adopted, in this country. Mr. 
Lyeirs divisions are, (1) Plistocene ( = Newer Pliocene), (2) Post- 
Pliocene, and (8) Recent. His Plistocene includes the Drift or 
Glacial deposit, and the superimposed stratified beds ; it thus an- 
swers exactly, or very nearly, to the Glacial and Champlain of Prof. 
Dana. Accordingly the last-named writer has only one period, 

1 This term as applied to the time in question, was first used by Froftssor 
Agassli in 1840. See his paper, "On the Ice Period." 
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which he terms Terrace or Becent, to stand in correspondence with 
the Post-Pliocene and Recent of the English geologist In case he 
used the word Recent in the Lyellian sense — this he does not seem 
to do exactly — he would ignore for the most part, if not altogether, 
the times designated by the term Post-Pliocene. And the question 
may be well raised, whether he does not give it less prominence than 
it deserres, — less importance than intrinsically belongs to it, not so 
much from its great length, as from the phases which it exhibits, and 
from the opportunity it furnishes for minute discriminations on ac- 
count of its proximity to the present The term Post-Pliocene is, 
at the same time, open to objection, (1) because a special limitation 
is needful, in order that it may not be understood to include the 
Recent, or all that follows the Pliocene ; (2) from the inappositeness 
consequent upon the introduction of "Plistocene" for "Newer- 
Pliocene " ; and (3) in view of the additional change suggested by 
the results of more recent investigations, that the Plistocene forma- 
tions are really Post- Tertiary, and accordingly need to be more 
emphatically discriminated from the older Pliocene, or Pliocene 
proper, which are strictly Tertiary. I have dwelt thus at length on 
this matter, since a great deal of vagueness is observable in many 
writers on the Ppst-tertiary times. 

In the light of what has been advanced there may be suggested, 
and as furnishing an outline for the remainder of this paper there is 
presented, the following classification of the Post-Tertiary forma- 
tions. This is thought to be in essential harmony with the facts, 
while it preserves the substance of the Lyellian nomenclature. This 
system is followed, not in approval of Sir Charles's principles of 
classification, for these, as originally proposed, have lost their signifi- 
cance, but because his mode of designating the Cainozoic formations 
is more widely prevalent than any other, both in England and in 
this country. Beading firom below upward, we have : — 

3. Autocene ( Newer ; Historic Period : — Forming Alluvium. 

(or Recent) C Older; Prehistoric " — Ancient " 

^ „ , ( Newer ; Peat Period : — Peat-beds, Mammoth, etc. 

2. Holocene S ^. , * . , *. , , , 7 i in 

( Older ; Marl " : — Marl-beds, fresh water shells. 

c Newer ; Terrace Period : — Modified Drift, stratified 

1. Plistocene < clays and sands. 

( Older ; Ice Period : — Typical Drift, unstratified. 
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Of the three general terms in the left hand column, two require 
an explanation. " Holocene " is proposed in conformity with the 
" Plistocene," etc., of Sir Charles Lyell, as descriptive of the times 
which he calls Post-Pliocene, dming which all the Molluscan species 
were recent in the sense that they belong to the Post-Tertiary, 
though not necessarily in the sense that they all are now actually 
living. Probably a few of the Plistocene species of Mollusks are 
extinct. It is possible, as many have asserted, while, as others affirm, 
it is as yet by no means certain that some of the species are prop- 
erly Tertiary in their character, they having simply survived the 
age of which they are more chiefly characteristic. The other term 
requiring explanation, " Autocene " is introduced into the table, in 
the place of " Recent " or " Present," merely for the sake of uniform- 
ity. Were it desirable to extend the nomenclature of Sir Charles 
Lyell, this term might be conveniently substituted for "Recent," 
Autocene meaning, as the etymology of the word suggests, the cin- 
phatically neWy and thus appropriately designating the latest times. 
On the subordinate divisions a word may be necessary. The Plisto- 
cene consists of two stages closely akin, but very distinctive in their 
characteristic marks, the Ice or Glacial period, and the Terrace 
period. Of these terms, the latter, though not altogether appro- 
priate as it has been ordinarily used, is inserted in the table for want 
of a better. It is perhaps also best to look at the, Holocene as com- 
prising two closely related sections of time : viz., (I) the Marl period, 
in tlie course of which there was a marked prevalence of ponds, in 
which the remains of fresh water Mollusks were deposited ; and (2) 
the Peat period, during the continuance of which the growth and 
deposition of swamp mosses were characteristic processes. Until 
something more definite is made out, the Recent may be conveniently 
looked at under two subdivisions, viz., the Prehistoric and the His- 
toric, just what ground the Ages of Stone, of Brass, and of Iron 
will eventually cover being as yet uncertain. 

As these several subdivisions are to be now taken up in their 
chronologic order, I proceed to notice, 

IV. THE PLISTOCENE TIMES. 

New England is covered with a superficial, unconsolidated mass 
of matter, which is very characteristic. The lower part, which 
usually rests directly on the underlying solid rocks, consists of het- 
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erogeneous material in a disorderly qtate of accumolatioD, and 
spreads like a thick uneven blanket over the region, from the sea- 
shore for up the sides of the highest mountains. Overlying limited 
parts of this vast expanse of jumbled elements, for it is of far less 
extent, is another portion, which is composed of clays and sands, 
and b more or less stratified. It constitutes in the main the surface 
of the low plains, while it occurs very generally in the valleys, in 
some cases in those which are even high up among the mountains. 
The former is known as drift, drift proper, or typical drift; the latter 
is often called modified drift, and appears in many localities, espe- 
cially ak>ng the principal streams, in the form of terraces. These 
two masses of material are regarded as characteristic of the Plisto- 
cene times, the divisions of which, with their distinctive deposits, 
may be considered separately. 

1. The Ice Period. 

This portion of the past may be called, according to the Lyellian 
terminology, the Older Plistocene period, and the inferior mass of 
matter which was just referred to as revealing its character, the 
Lower Plistocene deposit. This material, however, is conveniently, 
and perhaps just as fitly, designated Drift;, and the time of its accum- 
ulation the Drift, the Glacial, or the Ice period, for during its 
progress, as is admitted on almost every hand, ice in some form or 
other was predominant ; and, on its thawing, the deposit, now known 
as Drift, almost everywhere made its appearance. Although the 
latter word be usually associated with matter supposed to come from 
the wasting of icebergs, which once drifted along the ocean, or were 
drifted over its bottom, it may no doubt equally well refer to masses 
of material which glaciers have dragged, or drawn forward in their 
course. But, whatever be the term chosen for the designation of the 
times, ice in some shape or condition is generally supposed to have 
been largely prevalent during their continuance, and to have been 
their most marked and distinctive feature. In order to determine 
whether such were the case, in order also to a right understanding 
of the period, and of the work wrought during its progress, it is 
needful to secure at the outset a thorough familiarity with the facts. 
Let us accordingly pass a few of the more prominent particulars per- 
taining to the Glacial times, in rapid review, noticing as we advance 
some of Professor Dana's statements. 
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§ 1. The Indications of Ice-Agency^ 

Or the facts soggestive of the extensive presence of moving ice in 
New England, require an accurate enumeration in order to their 
critical and careful study. While the glacial hypothesis is admitted 
and defended by Professor Dana, he does not profess, as it was not 
needful for him, to give in his paper a formal presentation of the evi- 
dence respecting the point suggested. As the question whether this 
region were once subjected to the agency of ice, be it in the shape 
of icebergs, of glaciers, or in any other form, is one of importance, 
it will be well, perhaps, to cite several of the more weighty consider- 
ations supposed to point in that direction. These may be conveni- 
ently classed under three heads, accordingly as they pertain almost 
universally to the underlying solid rocks, or very generally to the 
superimposed loose material, or finally, to certain results which are 
only occasional in their appearance. 

A. Indications from Underlying Rock-Masses, 

(1.) The erosion of the subjacent rocks. This is clearly manifest 
fi-om exposed surfaces which may be seen, here and there, all over 
New England. In some way or other vast amounts of matter have 
been certainly worn off, and removed from nearly, if not from quite 
all the earlier sur&ce of the country. A slight examination shows 
that the work wrought by denudation has been immense. And this 
was of a peculiar kind, not from ordinary atmospheric influences, 
and not from flowing water; there was apparently a stupendous 
agency, as it were a huge machine, acting like a gouge, or working in 
a rasp-like way on the entire surface of the rocks. In connection 
with this agency lake-beds were evidently deepened, perhaps in 
some instances formed outright, their rocky shores in places lately 
laid bare affording marks, as of an immense plane, passing down- 
ward into their basins at an angle varying from a slight inclination to 
seventy or eighty degrees. So river-channels, at a comparatively 
recent day, have been as clearly made wider and deeper ; in given 
localities they have been manifestly scooped out and broadened by 
this wondrous instrumentality ; while the remaining vestiges of the 
operation evince, beyond reasonable question, that the result was 
not effected by water in its usual mode of working. All this is evi- 
dent from the various indications found here and there on the rocks 
that form their sides, and the flanks of the valleys which they 
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traTerse. Pot-holes, which are generallj supposed to have been 
eroded bj torrential streams, likewise occur in peculiar positions 
and at various heights ; they are found far up the sides and near the 
tops of mountains, along which, so far as one can now judge, no 
ordinary river ever flowed. 

(2.) The planation of the subjacent rocks. Long-continued ex- 
amination of the surface of the solid frame-work of the country, as 
it has been gradually uncovered by natural processes, or from time 
to time laid bare artificially, both in the State of New York and in 
each of the New England States, to say nothing of other parts of 
the country, clearly shows that such surfaces have been not only 
eroded, but also smoothed in a striking manner. The great extent 
to which this smoothing prevails over all newly-bared rocks, also 
suggests that probably the superficial area of almost the whole 
region has undergone a peculiar kind of planing. Indeed, rocks 
nearly everywhere, when fireshly uncovered, disclose a characteristic 
sort of polishing. And they have been thus smoothed, not by the 
usual action of aerial agencies, and not by water in its accustomed 
modes of wprking. All this is manifest on the close inspection of 
these surfaces, especially when they are compared with those which 
have been subjected to various other influences. Nearly every 
ledge, if examined when the soil is just removed, is seen to have 
been worn down, smoothed and polished, as if with emery — polished 
in a manner seldom to be mistaken, particularly if concomitants be 
brought into account by such as have become familiar with the dis- 
tinctive features of this planation. The reason that the surface of 
so many solid rocks fails to exhibit the results of this process, is 
found in the fact that continued exposure to the elements has led to 
their e£facement. But even on the face of rocks long weathered, 
the practiced eye will often detect abundant traces of this peculiar 
character. No one, it is confidently believed, can attentively ob- 
serve the evidence on this point, and not be amazed at its extent. 

(3.) The striatian of the subjacent rocks. This is likewise very 
evident. Almost every recently exposed surface of underlying rock 
reveals furrows, grooves and scratches of a distinctive kind. They 
have characters which seldom need to be mistaken, and which 
usually render their recognition easy. Ordinarily they are in 
straight lines, and those of the same series are, in the main, parallel, 
while such as belong to difiTerent sets are often seen to cross each 
other at greatly varying angles. These markings are also of a 
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nature to indicate that they could not have been produced bj the 
ordinary action of the elements. So the course of the stri® seems 
to be, for the most part, independent alike of mountains, hills and 
valleys — it extending, in many cases, either directly or obliquely 
over the most formidable obstacles. -While apparently not a little 
diverse in some instances, these strise are yet, on the whole, very 
uniform in their trend, and may be exhibited as occurring with com- 
parative regularity. Though there be innumerable minor variations 
there are three main directions in which they run. The first, and 
this is the dominant direction, is north-south, or in New England 
from a point a little west of north, toward one at a like distance cast 
of south. The second is east-west. Strise with this trend lie for the 
most part in east-west valleys, on the western slopes of north-south 
ridges. The third main direction of these furrows is west-east. 
Such as take this course are usually found in west-east valleys, on 
the eastern sides of meridional ranges of hills and mountains. Of 
furrows, which have either of the latter directions, it may be said 
that they generally run pretty nearly at right-angles with the strike 
of the principal ridges, though they largely follow valleys and the 
inclinations of the surface. In addition to these three main bearings, 
there are various deviations of an intermediate character, many of 
the lines running more or less in a south-easterly, and a few in a 
more or less south-westerly direction. 

B. Indications from Overlying Matter. 

(1.) The composition of the superimposed material. The vast 
sheet of unstratified elements, known as Drif\;, which spreads over 
most of the older consolidated rocks of New England, is very hete- 
rogeneous in its character. Tlie materials of which it is composed 
vary greatly in different localities. They are such as are, for the 
most part, known to occur in ledges situated at a greater or less dis- 
tance from the places in which they are now found. Facts in great 
number seem to indicate generally that this is substantially a true 
statement in regard to drifl. That it did not originate in the simple 
decomposition of the surface of the consolidated rocks which it now 
overlies, through the action of atmospheric, or of other kindred 
agencies, is clear from the circumstance that it usually contains many 
rocks and given elements which are entirely different from the sub- 
jacent consolidated masses. What, then, is the composition of the 
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drift ? It consists, first, of fine comminuted matter in the form of a 
paste. This is composed of sand or clay, and serves as a bed or 
matrix to hold a second material which is made up for the most part 
of fragments of rock of varying size. These, which are in some 
instances angular, are, in the majority of cases, polished or grooved, 
at least on one side ; while in other instances they have several 
smoothed faces ; occasionally they are also striated in two or more 
different directions, and in most port^ions of the aggregate mass of 
matter they are, to a considerable extent, rounded. 

(2.) The derivation of the superimposed material. This is pecu- 
liar, and needs particular consideration. It is not enough to say that 
it came from a distance ; in every case, a knowledge of its exact 
origin is desirable, since it is calculated to throw light on many 
related points. But while the derivation of the drift is peculiar, the 
facts about to be stated are almost as universal as is the occurrence 
of the mass itself. In New England it is plainly the fact, though 
there should be minor modifications of the statement, that this trav- 
elled matter was usually brought firom localities lying in a direction 
a little to the west of north of the place in which it id found. This 
remark applies to the great bulk of the drift formation ; smaller por- 
tions, which constitute occasional exceptions, are no doubt ordinarily 
due to local peculiarities, or to the action of agencies under limited 
relations. This mass of material was also clearly derived from rocks 
which lie for the most part only a fihort distance from the position in 
which it now occurs. Close examination of a great number of local- 
ities convinces me that the larger proportion of this matter has not 
been carried more than fifteen or twenty miles ; other portions have 
been borne forty or fifty, and a few perhaps have travelled even sev- 
eral hundred miles. Such is largely the fact in the Eiastern States, 
and, as I am convinced, in most hilly regiqns. In many of the west- 
em portions of the Union, so far as my observations have extended, 
and probably in level countries generally, a considerably larger 
proportion of this glacial material is from a greater distance, and 
some of it is very far-travelled. That this heterogeneous matter — 
reference is now made to drift proper — was not laid down in water 
under any ordinary circumstances, is clearly evident from the fact 
that it is not stratified, or in any wise arranged in layers. 

(3.) The condition of the superimposed material. In this point, 
also, as in the one just noticed, the drift has peculiar features; and 
still the peculiarity about to be considered is little less general than 
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the very existence of the glacial formatioii, wherever it has remained 
nndbturbed. While it b ncTer stratified it is almost imiTersally in 
a confused jumble. In looking at it in its typical state one migfat 
readily imagine that a world of diverse elements had come into con- 
tact helter-skelter. Fragments of rock of varioos sizes lie indiscrim- 
inately blended in the pasty matrix of finely comminuted stone. 
There is no order discernible in this mixture of heterogeneous ma- 
terials. In a word, its appearance is that of a mass of matter, not 
assorted by water, or laid down in successive sheets, but thrown 
together pell-mell, and allowed to remain in that seemingly anoma- 
lous condition. Such being the case, it constitutes a peculiar kind 
of formation, if this term can be applied to that which has no regu- 
larity of form, and it is never likely to be confounded with other 
deposits. That its shape is not due to any ordinary form of atmos- 
pheric agency, or to aqueous deposition, should accordingly be evi- 
dent beyond a question. It may be added that it is usually in a 
comparatively loose state ; in some places, however, it is found very 
compact; indeed, in rare instances, it is consolidated into firm rock. 

C. Indications from Incidenial Phenomena. 

(I.) The accumulation of travelled matter. In some instances 
drifl is met with in huge piles. Beference is made to the masses of 
jumbled heterogeneous material, ordinarily known as moraines. 
These are composed of rough, angular pieces of rock, varying in 
size from minute fragments to huge boulders weighing many tons. 
Moraines, as made up of such ungainly blocks and unpolished frag- 
ments, are very characteristic. Those described as terminal are, in 
given localities, of frequent occurrence. With them are usually 
associated other masses of unstratified matter, which seem to answer 
to lateral moraines. In places they are found in a good state of 
preservation. These terms are used, not' as prejudging their mode 
of origin, but because they are perhaps more generally applied than 
any others to the masses of matter now in question. Closely related 
to these morainic heaps of earth, indeed appearing to owe their 
origin to substantially the same cause, are trains of boulders which 
have been variously named. They consist of long lines of travelled 
rocks, which are, to a great extent, parallel with each other. Of 
such boulder trains, perhaps among the most remarkable are those 
which occur in Huntington, Vermont, and in Richmond, Mass. 
How they could have assumed their existing attitude, unless in con- 
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neetion with the agency of ice, under some form of its working, it is 
difficnlt to conoeiye. 

(2.) The location of perched rocks. These masses being likewise 
tniTelled material, and for the most part angular, are generally known 
as boulders or erratics. Strictly speaking, boulders are such as are 
rounded, while " erratic ** properly applies to an angular block which 
is usually &r travelled, reference being had to the fact that it was 
once a rover or wanderer, it having strayed from its parent ledge. 
While boulders and erratics occur in places all over the northern part 
of the continent, these travelled rocks are specially met with on the 
summits of high hills and of mountain peaks, and in some cases in 
extraordinary abundance. Because of the peculiar position in which 
they are often found they have come to be called " perched," per- 
haps for the reason that they may occasionally almost remind one of 
so many birds gone to roost. In given cases they are situated in such a 
way as to appear to have been thus placed only by the exercise of con- 
sideration and intelligent care, — as it were with plan and forethought. 
Some of them weighing many tons are almost exactly poised on the 
underlying rock, or upon a small boulder, so evenly balanced, in 
many instances, that they may be tilted with ease. Why these erra- 
tics should thus occur — not so much why they are poised, as why 
they should be found — perched in many cases in unusual numbers 
on the crests of solitary hills, at first sight seems very strange. It is 
thought, however, that by invoking the agency of ice, we discover a 
ready solution of the whole matter. 

(8.) The position of ancient beaches. The remains of what have 
been called old sea-beaches occur at various points, and at considera- 
te heights along the flanks of our New England mountains. Rolled 
material is met with at these places which, so far as can be judged, 
is just like that of our existing shores. It is in the form of sand, of 
rounded pebbles, and of stones evidently smoothed in substantially 
the same way as similar materials now found on the banks of streams 
and lakes, and along the sea-coast. That some of these are remnants 
of ancient beaches, that they are the surviving portions of old shore 
lines, is no longer doubted by the many competent observers who 
have examined them with care. Th^ striking peculiarity of these 
old beaches is the great height at which, in several instances, they 
occur. Some of them are at elevations between two thousand and 
twenty-five or twenty-eight hundred feet above the ocean. Such is 
the case with those met with in Ripton, Vermont, and in Peru, Maa- 
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sacliusetts. In many other localities deposits occur somewhat similar 
in appearance, which have been usually described as old sea- 
beaches. As some of these certainly owe their existence to an en- 
tirely different set of conditions, which will be mentioned in the 
sequel, they need not be cited even by nam%in this place. 

The three-fold statement now made furnishes a brief, but compre- 
hensive enumeration of many of the more important points connected 
with the glacial times; of some of the more striking appearances, 
indicative of what took place in New England at a comparatively 
recent day; of a few of the more prominent points that are, or may 
be, appealed to as proof that ice has done a mighty work in this 
region. They are phenomena, most of which are regarded as indica- 
tions of ice-agency; and they all are invoked, in the way of evidence 
or of explanation, and on the one side or the other of the glacial 
hypothesis, in the broad sense of the expression. They are ^ts 
which stare us in the face whichever way we turn; facts which every 
enquirer must admit, however he may seek to account for them, and 
which no one thinks of denying; facts, many of which are regarded 
as unmistakable proof of ice-agency. In exactly what form the ice 
acted is another question, and one respecting which all are by no 
means agreed. Granting for the moment, and until the facts have 
received that more explicit elucidation which is suited to waken con- 
viction, that ice was mainly concerned in the production of the effects 
under consideration, I would next raise the query whether it was in 
the form of icebergs, as many have tried to maintain, or in that of 
glaciers, as not a few are now disposed to insist. Taking up the 
iceberg hypothesis as a mode of explanation which has been widely 
recognized, and which many have believed to be the true one, I 
proceed to inquire whether one can really discover, under this phase 
of the subject, 

§ 2. The Causation of the Phenomena. 

The view now to be considered in relation to New England, is 
substantially the one which has been so ably advocated by Sir Charles 
Lyell, not only in respect to the British Isles, but as generally appli- 
cable to drift wherever it appears. This theory was accepted, illus- 
trated, and defended with great labor and skill by the late President 
Hitchcock.^ Indeed, many have adopted the Lyellian explanation, 

1 See his varioos " Geological Reports," and eapeciallf his ** Illastrationa of Bar* 
ftoe (ieology." 
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and some of them have presented it with not a little ingenuity and 
acumen. Prof. Dana, however it may have been in the past, now 
rejects the view outright, at least so far as its application to New Eng- 
land is concerned. And yet, in the paper under consideration, he ad- 
vances one, and only one direct item of evidence against it^ viz., that 
the boulders so oflen met with in New England are, for the most part, 
derived from rocks not far distant from the localities in which they 
are now found.^ A few will be disposed to take this bare statement 
as deciding the qaestion at issue. As no one, however, should 
be satisfied with a decision resting on the mere authority of names, 
as there is also a great conflict of opinion in regard to the explana- 
tion of the phenomena, it becomes important to examine the matter 
critically, that we may see whether icebei^s be sufficient to account 
for the work wrought, in whole or in part, and whether it 
was actually effected by them or not. 

The iceberg hypothesis implies (and if this be the explanation 
adopted most of the facts to be explained compel us to presume) 
that this region was some four or five thousand feet beneath the 
ocean during the whole or a major part of the ice period; that there 
waa an arctic continent abounding in separate glaciers, or shrouded 
in a broad sheet of ice, from the southern limits of which huge blocks 
constantly broke off* and floated away, in the form of bergs ; that 
these passed over what is now New England, and did the work to 
which reference has been made, eroding, smoothing, striating the 
surface, covering it with debris, and producing the various other 
effects already named. Some, again, have supposed that the work in 
southern New England was largely wrought by icebergs derived from 
glaciers in the White Mountains. This last is the phase of the sub- 
ject which Prof Dana has more particularly noticed, and which he 
has, for tfas moat part very well dbposed of ^ To the statements he 
has made it may be well to add, that so great a depression would 
have allowed small space in New England for the formation of gla- 
ciers. The summits of the White Mountains at the very best could 
have been only a cluster of islands, and thus must have failed to 
fiimish the requisite conditions for the accumulation of any extensive 
ice-masses. So had there been such a submergence, testimony would 
have been borne to the fact by stratified marine deposits. There 
are, however, no beds of this kind in any portion of the drift proper, 

1 Paper olted, pp. 48, 49. * Paper olted, p. 48. 
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at least at a distance from the seaboard. Then the direction of the 
striae in the greater part of New England is such as plainly to show 
that the White Mountains were not the centre of the main force 
exerted. There are also similar phenomena in the region lying fur- 
ther to the north, belonging to the great sheet of typical drift which 
spreads over the country, — phenomena which were evidently pro- 
duced by substantially the same agency, and equally demand an 
explanation. We may accordingly dismiss the supposition of White 
Mountain glaciers as unequal to the task imposed upon it. We may 
likewise waive, for the moment, the further consideration of these 
local details, and look, not merely at a few isolated cases, but at all 
the main facts heretofore suggested as indicative of ice-agency. 

If we admit that there was such a depression as the one supposed, 
it is easy for us to imagine that bergs of ice derived from a northern 
continent passed over the submerged region, and that they must have 
worn the face of the southern rocks in very many places. But while 
I am willing to grant all this, if there be sufficient evidence in its 
favor, I can hardly conceive that so much as is actually met with 
could have been accomplished in this way. It is certainly difficult to 
believe that icebergs, even under such conditions, would have ground 
over almost the entire area of what is now New England, between 
points of elevation some five thousand feet above the existing height 
of the ocean, and others lying considerably beneath its level at low 
tide — ground them all over, so far as one can see, substantially alike, 
irrespective of the manifold inequalities of the supposed sea bottom. 
Owing to varying depths, moreover, they could not have passed, by 
any known action of currents, from the valleys of the St. Lawrence 
and of Lake Champlain, obliquely across the Green Mountain Range, 
forming uniform sets of groves, and a continuous planing of the rock 
surface. Or, if we may conceive of their doing this muc^ we must 
admit, in order to it, a set of conditions more wonderful and difficult 
of explanation than the facts in question. Again, it is not probable 
that icebergs would have made, in connection with the north-south 
planation which evidently extended hundreds of miles, the east- west 
striae, just where wc find them in the valleys on the western sides of 
the meridional ridges, and the west-east striae in like situation on the 
eastern slopes of the same ranges. They must have been equally 
unable to do much in connection with the wearing and deepening of 
lake basins; for, notwithstanding their power to erode in given cases, 
they could not readily have gained access to these basins for the 
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accomplishment of such work, unless they gradually increased in size 
and thus sank deeper in the sea as they gradually advanced south- 
ward — a supposition which contradicts all we know of such bodies 
of ice. Indeed, to cite a single instance, unless the supposed subsi- 
dence at St Johns, in Canada, were vastly greater than it was a few 
miles farther south, icebergs could not have entered the Charaplain 
Basin from the north so as to do the work, which ice or some kindred 
instrumentality has wrought at so low a level as the surface of the 
lake, to say nothing of the erosion of subjacent rocks. So river 
channels, particularly those extending easterly or westerly, could not 
have been formed by floating ice from the Arctic region under the 
conditions named. And of coarse the supposed depression and 
presence of icebergs is in no wise able to account for the existence of 
pot-holes on the suomiits or flanks of isolated hills and mountain 
peaks. 

And the iceberg hypothesis seems to be no more tenable, when 
we examine the overlying deposit of drift. Of course the melting 
of sQch masses of ice must have been accompanied by the laying 
down of a considerable amount of detrital matter. This is evident 
to all So, too, it is clear that this material would have been very 
heterc^neous in its composition. Indeed, had it come from an Arc- 
tic continent, the question at once arises, whether it must not have 
been, in a far greater degree, different from the consolidated rocks 
of New England, than is the case with the existing drift. We also see 
that bergs of northern ice would not have been able, if the supposition 
be tfue, to deposit the largest proportion of this detrital matter within 
a few miles of its origin — matter which was clearly ground from 
ledges lying only at a short distance to the north, or the north-west, 
of its present position. And it is by no means evident that this ma- 
terial would have been laid down in a jumble, as was clearly the 
case with typical drift. It should be ever remembered that the 
wasting of the icebergs must have been gradual — not sudden, as it 
were at a stroke, as seems to be implied in many of the current ex- 
planations. Accordingly, as the bergs slowly thawed, the particles 
of matter, and especially the vast amount of finely comminuted ma- 
terial, whether the masses of ice were stranded or in motion, could 
not have been readily left in a confused heap, wholly un stratified 
and without regularity of form. They must have been laid down, 
80 far as one can now judge, with considerable uniformity and order, 
as they successively fell, particle by pari tele, into the sea, and were 
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scattered far and wide oyer a broad surface both by waves and the 
flax and the reflux of the daily recurring tides. Under such circum- 
stances the deposit should certainly have been rery unlike that known 
as typical drift. 

Again we find the case not essentially different, when we come to 
examine some of the incidental phenomena of the glacial period. 
Looking at the matter in the light just suggested, we at once see 
that icebergs are not su^cient to account for many peculiarities of 
the masses known as morainic. Let a berg of ice as grounded gradu- 
ally melt — suppose it to waste away by slow degrees, as it naturally 
would — the result surely could not be a moraine, an osar, or any- 
thing of the kind. Were a mass of ice, as it moved along, to plough 
up the stratified material which lay in its way, while effects of the 
disturbance would appear, there would seldom, and perhaps never, be 
an entire obliteration of the marks of bedding; still less should we 
find the mass an indiscriminate blending of diverse elements, as in 
existing moraines. And it would be a rare incident -^ a most extra- 
ordinary marvel — ^for icebergs to produce a series of what are known 
as boulder trains. While one can readily conceive of the occurrence 
of a single line of erratics, he might rather expect in places to see 
the whole surface covered with travelled rocks. Meanwhile we 
should not look for three, four or five, much less for six or seven, 
parallel sets formed like those in Berkshire County, Mass., each being 
for the most part distinct, and characterized by rocks peculiar to the 
portions of the ledges lying at their respective sources, with the par- 
allelism and distinctness preserved for five, ten and even fifteen and 
twenty miles. And it would be stranger still if icebergs actually 
chose just those heights for their resting-places, on which perched 
rocks are now found in greatest numbers, and if boulders, cargo after 
cargo, were so deposited as not to be removed by later bergs, or by 
the action of waves and tides, when these peaks came to be on the 
surface-level of a retiring oeean. As seen in this light the usual ex- 
planation of those remnants of old lines of shore, which have been 
often, if not generally, called ancient marine beaches, derives little 
probability fix)m the supposed existence of an iceberg sea. In fact, 
the whole matter seems to be an outright assumption, so far as marine 
agency is concerned. 

To take a single instance illustrative of the matter in question: up 
to this time no one has discovered any direct or satisfactory evidence 
that the famous Bipton Beach was either shaped, or ever for a mo- 
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ment washed, bj the ocean. In case this beach were a long time in 
forming, and it is clear that it was, — and were it, during all this 
time, bathed by the sea, as seems to be claimed, — there must have 
been other marine deposits laid down in the neighborhood, and, in 
fact, in all those portions of the country which were then beneath 
the deep. Meanwhile we find no traces of any such deposit. On 
this point, indeed, there is room for an emphatic statement. As the 
advocates of the iceberg theoxy assume and imply that, during the 
glacial times, there was such a depression of the land that the sea 
laved the highest of the ancient beacheb ; in fact that it covered, as 
some would maintain, the most elevated places containing polished 
or striated drift surfaces, it may be remarked that the supposed sub- 
mergence is only a guess; for no unquestioned relic of the ocean, 
and not an iota of positive evidence have been yet adduced in any 
wise showing that the country at large was at all submerged during 
the ice period. As no marine remains cotemporaneous with its de- 
position have been thus far found in the drift at a distance from the 
existing sea coast, the whole matter is seen to rest on a basis which is 
purely hypothetical, and not merely on this, which might be well 
enough, if there were no counter evidence, but on one which has in . 
its way a host of objections, of which there is not time even for a 
brief enumeration. 

If such be a true statement of facts, so far as it goes, and it is sub- 
stantially what present knowledge warrants us in affirming, it must be 
evident that there is comparatively little, so far as is yet known, to 
recommend or authorize the adoption of the iceberg hypothesis, as it 
has been usually advocated. In this view of the matter it is not at 
all surprising that, in his last paper, Prof. Dana seems entirely to re- 
ject it, and that he advocates another explanation, which many re- 
gard as in essential harmony with the facts and comparatively free 
from objection. 

§ 3. The QlaciaHon of the Region. 

As some of the more important facts are now before us in outline, 
— ?A it has become evident that we cannot readily, or at all reasona- 
bly, account for the manifold phenomena by the supposed presence of 
ice in the form of bergs, — we are to look at the subject from another 
point of view; in other words, at the agency of ice, in the shape of 
vast masses, perhaps of almost continental extent Because one ex- 
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planatioQ fails we are not necessarily to drop the matter, or even ice- 
agency, but may inquire whether ice seen under a different aspect, 
and in the light suggested by modern glaciers, can furnish an ade- 
quate explanation of the facts in question. 

By the glaciation of the region we are to understand that it has 
undergone an experience in which ice played the most prominent 
part; that the country was once liberally iced over, ice being the 
predominant agency and the characteristic feature of the times; that 
for a while the whole land was covered by an immense sheet, a 
widely-extending expanse of ice of great thickness; and tliat in con- 
nection with the accumulation, the continuance and the wasting of 
this vast body of frozen water, it underwent all the processes neces- 
sary to the production of the manifold effects everywhere met with, 
and some of which have been enumerated as indicative of ice- 
agency. This is substantially the view which not a few now take of 
the matter, the view which has been presented and discussed with 
great ability by Prof. Agassiz,^ to say nothing of later adherents, as 
Prof. Guyot, Prof. Forbes, Prof. Tyndall, and many other distin- 
guished observers. Whether it will pass the ordeal of a searching 
. examination is now the important question. If not able to render 
the facts clearly intelligible, consistent with each other, and with all 
that is known of related facts in nature, we must regard it as so far 
unsatisfactory and undeserving of confidence. In case, however, 
close examination shows that the presence of a vast body of ice 
would afford the vantage ground requisite to a clear and coherent 
understanding of all the main phenomena, we may conclude that 
there is presumptive evidence of the truth of the view, so long as 
nothing adverse comes to light. 

How is it, then, with the glacier h3rpothesis — the hypothesis of a 
continental ice-sheet, a portion of which is supposed to have spread 
over this r^ion? Does it meet the facts, and bring in such a flood 
of light as to 'render them comparatively easy of explanation ; easy 
in the sense that there is nothing forced and unnatural about it? Can 
it help us to see them as the legitimate outflow of its agencies? Or 

iProf. Agassis was the first, I believe, to apply the glacial theory to the drift 
phenomena not only of the British Isles, bat also of this country. Remarks on 
the drift of Lake Superior, made before the American Association for the Ad- 
vancement of Science in 184S, contain, so fkr as I am aware, the first published 
application of the view to this country— remarks which were more ftilly expanded 
in his work on Lake Superior, published in 1860. 
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is it in any respect inconsistent; inconsistent in itself considered ; in- 
consistent with well-recognized principles generally; inconsistent 
with the little we know of the record in its details, as it lies spread 
out for inspection in New England? Simply because the iceberg 
theory appears untenable it does not follow that the glacier hypothe- 
sb is true. The fact that able men have adopted the latter view may 
be, indeed it is, in so far a presumption in its favor. But men of 
real ability have sometimes advocated indefensible positions. The 
matter, therefore, needs to be examined; it should be critically dis- 
cussed in all its aspects; ventilated that, if it be true, it may be kept 
fresh, and made more widely prevalent in its influence ; shaken up 
that we may see it in its more prominent and important bearings, 
and receive it or reject it, according to the clear indications furnished 
by a discussion of the facts in question. Every one who would master 
the subject should look at the evidence, and judge of it for himself, 
in the best and broadest light at his command. 

But such an examination of facts and discussion of evidence can- 
not be completed in a moment. It is needful to go over the whole 
ground cursorily, and look at some of the more salient aspects of the 
subject from various points of view. As this is the explanation which 
Prof. Dana advocates, — which, indeed, he seems to recognize more 
broadly in the paper before us than in any of his previous writings, — 
it will be well to notice particularly how far he is in consonance or at 
discord with the glacier hypothesis as properly looked at, and with, 
the facts requiring an interpretation. With a view to the fairest ex- 
hibition of his positions we may go on the supposition that they are 
true, putting them meanwhile to the test of what is found in the field, 
and thus passing in review some of the more prominent relations of 
the subject. With this aim we propose to take up the consideration 
of a position which he advocates, in his explanation of the supposed 
glaciation of the country, viz.,— 

§ 4. The Elevation of the Land. 

In order to account for the intense cold which apparently prevailed 
daring the drift period. Sir Charles Lyell has conjectured that there 
was a variation in the level of the land-masses of the earth ; he also 
adds that a great uplift in the boreal part of the Arctic hemisphere 
would have induced a marked change in the climate. This conjec- 
ture has naturally led to the supposition that Chore were high moun- 
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tains during the glacial period in the northern portion of this 
continent, and that they were covered with an ice-eheet or abounded 
in glaciers. If we grant that glaciers or an extensive field of ice ac- 
tually thus existed, the question whether there were also such an up- 
lift becomes legitimate, and should be answered according to the 
evidence. Now, in his '^Manual of Greology," Prof. Dana suggests 
what has been just pointed out as in part the view of Sir Charles 
Lyell, **that an elevation of the continent over its northern regions 
of a few thousand feet is sufficient to account for the existence of a 
glacial epoch in the earth's later history; and an elevation of five 
thousand feet is as probable as a subsidence of five thousand feet.^ ^ 
This supposition having been made, he seems tacitly to take for 
granted that there was such an elevation in reality, he assumes the 
thing as a matter of fact. Indeed, in the p^>er under consideration 
he says that during the glacial period '*the land stood at a higher 
level than now." * 

In respect to this supposition, a few remarks may be in place. 
The conjectured elevation referred to took place, as is presumed, at 
the close of the Tertiary era, and was maintained through most of 
the Glacial period, giving rise to a great increase of cold, and to the 
formation of vast fields of ice. Now these suppositions are in no 
way shown to answer to facts; and while it is not easy to establish 
their validity, it is no %ht task to overthrow them. Indeed, 
whether there were any such preparation for the change of climate 
that probably occurred cannot be readily proved or disproved, any 
more than many other guesses that might be thrown out at hazard. 
These and other cognate conjectures seem to have been made, be- 
cause glaciers were assumed to he impossible without the existence 
of mountain heights. But grant, for the moment, that there was 
such an elevation as the one supposed, it by no means follows, it in 
fact appears hardly possible, that this condition alone would have in- 
duced a degree of cold sufficient for the production of all the phenom- 
ena of the glacial times. Meanwhile I have been unable to find a jot of 
substantial evidence in favor of the implied elev.ition. Admitting that 
it seems to help us in our explanation of given points, it remains for 
us to see whether these very points may not be equally well explained, 
without reference to this hypothesis. It is no doubt true in 
one aspect of the subject, that an uplifting of the continent to 

iHannalof G«ologj,p.6ll. sFaperoited,p.48. 
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^e height of five thousand feet might as readily occur as a depres- 
won of equal amount ; but this does not relieve the matter in the 
least. The glacier hypothesis surely cannot stand on the ground 
amply that it is not less probable than the suppositions made by the 
advocates of the iceberg theory. If it be not far more credible, in a 
mach greater degree consonant with the facts, let us drop the theory, 
and simply cling to what is capable of defence. So much for the 
present in respect to a continental elevation. 

In regard to the New Haven region during the Glacial period, 
Prof. Dana observes: it "stood probably one or two hundred feet 
fliow the level of the sea." ^ After examining what he has to say, 
and all that I can find respecting the question whether the neighbor- 
hood of New Haven were then at a greater height thau now, I am 
constrained to add that there appears to be little known evidence 
that is decisive in either direction. It is not easy to disprove the 
wipposition that such may have been the case; no more can one 
^^Sy at once and readily, rebut many conjectures that are merely 
^^garies. At the same time, the several facts which the Professor 
adduces as proof may be all, so far as yet appears, as satisfactorily, 
>f not far more adequately explained in other ways. This being so, 
^^ ^ith no positive evidence up to this time of an elevation, 
it seems to b* wiser, while it is certainly the more sober course, not 
to suppose that there was really an uplift until we find in the rocks, 
our great " book of testimony," some distinct intimation of its occur- 
rence. 

Bat if there were no elevation of the continent how are we to 
explain the formation of fiords; the existence of sub-marine river 
channels, Hke those extending fix)m the mouths of the Hudson and the 
Connecticut; or the fact of sub-aerial deposits, as mud-fiats, now 
found beneath the level of the ocean? As to the supposed evidence 
in favor of elevation, furnished by these phenomena, a few words are 
necessary. In his " Manual of Geology," Prof. Dana, while speaking 
of the deep bays known as fiords, says, they "must have been exca- 
vated, L'ke most other valleys, by the action of running water or ice, 
and this could have been done only when the country along the sea- 
border was so raised that they were occupied by streams and glaciers 
from the land, instead of the waters of the ocean." ^ Without enter- 
ing upon a discussion of the questions involved in the origin and 

> Oeology of the New Haven Begion* p. 48. > Hannal of Geology, p. 6IIL 
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formation of valleys, I would simply observe that, while admitting 
the agencies referred to, I should be unwilling to omit others which 
are perhaps fully as important as those mentioned. Granting that 
many valleys had just such an origin as the author suggests, still the 
conclusion which he states by no means necessarily follows. Indeed, 
I have looked in vain for any stable ground on which to rest his 
**iuust." Suppose that the existing river-channels began to be 
scooped out by descending glaciers ; the ice masses themselves, as we 
readily infer, might advance for miles beyond the present shores. 
Let these limited glaciers be finally lost in one immense sheet of ice, 
this moving seaward must, in displacing the waters on the shallow 
margins of the ocean, do its legitimate work of erosion. Thus the 
process of excavation, already begun, would still go on; all the shoals 
along the coast might be covered, the icy mass finding its limit only 
as it reached or encroached upon the deep. This being the case, we 
are enabled to see that old depressions would be deepened, while new 
valleyB and broad fiords might be readily formed, as well as sub- 
marine river channels, where the shallow sea prevails to-day, even 
though the continent remained at substantially its present height.^ 

Or again, if we suppose with Prof. Dana, that the sub-marine 
river channels and fiords were excavated by the action of running 
water, the conclusion is by no means more necessary than on the 
other hypothesis. Whence came the immense ice-sheet that mantled 
the whole region ? It seems to be forgotten that, in order to its 
formation, a vast amount of evaporation must take place; that this 
would be,' not from the land alone, but lai^ly, nay mainly, from the 
ocean; that it would necessarily make a large draft upon its re- 
sources; that, in consequence, its waters must have undergone a great 
depression, perhaps one of several hundred feet; that thus it' may 
have been far lower than at the present day, possibly lower than at 
any preceding epoch since its introduction upon the face of the 
globe; that, accordingly, the continents were perhaps broadened 
out; and, finally, that the ice-sheet no doubt extended to a con- 
siderable distance over and beyond the shoals now occupied by 

1 Erof. Agassiz onoe remarked to me, "I have seen the polished and grooved 
surfaces of rocka in many fiords of Scotland as far below the present level of 
the ocean as the transparency of the water would allow; also along the shores 
of Lake Superior." I may add that I have observed similar instances on the 
coast of Maine, as well as on the rocky shores of Lake Ctiamplain and Lake 
Geoi^, and at one point on Lake Huron. 
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the Atlantic.^ Not posidyely asserting that such were the facts, I 
simply suggest them as points for consideration ; points which read- 
ily occur when it is supposed that this region was once covered by an 
immense blanket of ice ; points which indicate that what is regarded 
as necessary proof of elevation may be explained without resort to 
an extravagant assumption, of which there is not a shadow of direct 
evidence. It is scarcely needful to add that the submarine valleys 
of the Connecticut and of the Hudson — valleys which extend out 
under the sea from the existing mouths of these rivers — receive an 
easy explanation in the light of the views propounded. Also that 
mud-flats, during the depression of the ocean, would, be very natu- 
rally laid down as sub-aerial deposits, at various points which are 
to-day beneath the level of the sea ; and that thus the subject is 
readily relieved of the main difficulties with which Prof. Dana seems 
to find it invested. 

There is, accordingly, little, if any, satisfactory proof of an eleva- 
tion of the land during the glacial period. Meanwhile no one 
should infer, on this account, that there was no special preparation 
for a change of temperature, and that there was not an adequate 
cause for the more or less intense cold supposed to have prevailed 
during the Glacial times. On this point, indeed, we are very igno- 
rant. There are, however, certain facts which have a bearing upon 
it Having reference to these, though without being able, or intend- 
ing to assign an exact value to their influence, I proceed to notice 

§ 5. T%6 Preconditions of the Ice'Sheet, 

Bespecting the climate of the later Tertiary times, many coigec- 
tures have been made, while some important facts have been brought 
forward. Such quantities of snow as must have fallen in order to 
the formation and maintenance of a continental ice-sheet, imply the 
existence of not a little moisture in the atmosphere, a moisture 
which could not be readily produced in a vaporous form without a 
considerable degree of heat, accompanied by an immense amount of 
evaporation. Arc there then any facts, or series of facts, suggestive 
of an adequate explanation of what is thus brought before us ? 

* It Is certainly probable that the glacial mass reached as flir as the most 
distant Islands along oar sea-board, since they bear the peoaliar stria ascribed 
to glaciers, as well as typical drift. Says Prof. Agassiz, " I have missed these 
marks nowhere upon the ooast Islands of Vew England." 
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We should, first of all, remember that in one view of the matter, 
what may be perhaps properly called an .^nian summer, — a great 
summer of the ages — was just drawing to its close. A previous 
warm season of the ages had long before passed its meridian, and, as 
its decline advanced, its mild evening was perhaps only the precursor 
of the long period of cold which was to follow. So the fact sug- 
gested by Prof Agassiz,^ that volcanic agency was very active during 
the last par£of the Tertiary era — a fact which I can not stop to 
account for and explain in this paper — supplies an important con- 
sideration in this direction. Be the cause of this outbreak what it 
may, the effect upon the climate must have been considerable. 
A^ain, there is the supposition which astronomers have from time to 
made, that the sun is a variable body, liable to be much warmer at 
given periods than at others, firom the falling into it of planetary 
masses ; that at about the epoch in question there was a large addi- 
tion of this kind to its fuel ; and that there thus resulted a great 
increase in the degree of heat which it sent forth. While this sup- 
position is not perhaps improbable, while it is indeed rather plausi- 
ble, it is still only a conjecture, at best a guess, though possibly one 
of prime importance, which we as yet have no recognized means of 
either proving or disproving to our satisfaction. Admitting that such 
may have been the fact, I am indisposed to press it ; meanwhile 
there is the point abeady mentioned to wMch the rocks themselves 
bear witness ; volcanic agency was peculiarly intense in the times 
just preceding the glacial. 

But this agency, and most of the facts thus far presented, are 
mainly indicative of warmth. The glaciation is not in this way 
accounted for. In order to the production of the immense masses 
of ice supposed to have existed, there must have been a far greater 
than ordinary degree of cold. The high temperature which had 
prevailed would naturally fall to some extent, with the diminution of 
the Plutonic agency which caused it This, however, would be only 
the restoration, or a tendency toward the restoration of the equilibrium 
of the prevailing temperature of the earth. Far more cold than 
this was probably requisite to produce such results as fol- 
lowed ; far more than any mere medium, or average of temper- 
ature, estimated according to the usually recognized data. And for 
00 marked a change is there any adequate cause ? A hint at this has 

tin » Lowell Institate leotuie. 
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been already given in the reference made to an .Slonian snmmer. 
Thig requires an explanation no less than does the great winter 
which duly followed. 

Now there are certain astronomical facts which seem to point in 
just this direction. These may be simple stated as facts, indicating 
the probability of great summers and winters of the ages, and thus 
leading us to look upon Glacial periods as a part of the regular 
course of nature. These facts, briefly stated, and they can be stated 
here only in the most general terms, are the following : — 

1. Variation in the obliquity of the earth's axis to the plane of 
of the ecliptic. Such variations, there being a passage from one 
exti^ime to the other, and back a^ain, are known to occur in given 
periods, though, so far as I am aware, their exact duration has not 
been determined. 

2. Variation in the precession of the equinoxes, in connection 
with the advances of the perihelion. One of these has its revolu- 
tion in about one hundred and eleven thousand years, while the 
other completes its circuit in some twenty-five thousand eight hun- 
dred years. Their rapidity being unequal, they so revolve,' each in 
its legitimate course, as to coincide in periods of about twentj'-one 
thousand years' length. 

8. Variation in the eccentricity of the earth's orbit. It is now 
well ascertained that the orbit of the earth undergoes changes, that 
it passes from the figure of a considerably flattened ellipse to a form 
almost circular — in cycles, each of which consists in round numbers 
of two hundred and thirty-four thousand years, thus causing the 
earth to vary greatly, at diflerent times, in its distance from the sun. 

Let it be now remarked that each of the points just mentioned in- 
volves elements which occasion marked differences in the relation of 
the sun to the earth, and thus in the condition of the earth itself. 
Each one of them has been also referred to as sufficient to account 
for the cold of the Glacial period. No writer, however, so far as I 
M» aware, has brought them altogether in a way to show just how 
^^ when, in the course of a large number of revolutions, the condi- 
tions m each favorable to extreme heat have all coincided, so those 
"* each tending to the intensest cold have all coincided, in a manner 
to produce a great .SSonian snmmer, followed after a long interval 
^y its alternate -SJonian winter. Such a combination, both of 
points already stated, and of others perhaps equally important, in- 
volves elements fix)m which, when fully wrought out, conclusions 
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may be drawn of no small moment, it is thought, to a right under- 
standing of much pertaining to the Glacial period. 

I am, of course, well aware that Mr. Croll, a distinguished Eng- 
lish physicist, has enthusiastically adopted one' and another of these 
and of kindred explanations in succession, and that, after holding 
his ground in favor of them for a while, he has with equal warmth 
rejected each of the suggested causes as insufficient to account for 
the facts requiring an explanation. And his rejection of any or of 
every one of them in succession as inadequate, when looked at in an 
isolated way, was no doubt in a certain sense justifiable ; indeed, he 
was perhaps right in each particular instance ; for probably no one 
of them by itself is able to produce the effects in question. But, while 
none of them is singly sufficient, the conclusion may be, and clearly 
must be, very different in respect to them all combined, and regarded 
somewhat in the way suggested. Would we arrive at the truth it 
should be our aim not to drop from the calculus any cause, however 
insufficient by itself, that can have the least bearing upon it, but to 
bring in all the elements so far as possible, and combine them in 
such a way as to approximate toward just the co-operative combina- 
tions which appear in nature. 

It should be remembered that, owing to the many different ele- 
ments which enter into the calculus, these periods to which reference 
has been made cannot usually consist of a definite number of centu- 
ries or millennia, but must vary from age to age. So, to the astro- 
jiomic facts which have been briefly noticed, the exact relative 
importance of which is not yet fhlly and clearly made out, there 
should be added, in order to the better understanding of the -S3on- 
ian winter, two conjectures. These are of an astronomic kind, have 
been heretofore hinted at, and tend to show that the great climatic 
periods of the ages are liable to various mutations. First may be 
mentioned the supposition that the sun is a variable heavenly body, 
and that thus afler a time of new fuelling, and consequently of more 
than ordinarily intense ignition, there would naturally come a period 
during which less heat would be given off. Should such a state of 
the sun concur with the other conditions favorable to the greatest de- 
gree of cold, on the coincidence of the three astronomic elements al- 
ready mentioned, the winter, as must be evident, would be unusually 
severe, and perhaps very long-continued — ^probably far more pro- 
tracted than under ordinary circumstances. The second supposition 
implies that some portions of the celestial spaces have far less heat 
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than others, and that tlie earth in traversing snch tracts of space 
mast be sensibly cooled. Should there be a concurrence of this con- 
dition with that of the three astronomic points heretofore noticed, 
as there surely would if the supposition be correct, or should one of 
them directly succeed the other, there would be another likelihood of 
an extremely severe and very long-continued iEJonian winter. These 
several conditions of heat and cold, as may be additionally remarked, 
would often be such as in a large measure to neutralize one another. 
In such instances they might bring ^bout a comparative uniformity, 
sometimes for a longer, sometimes for a shorter period. Without, 
therefore, resorting to a supposed elevation of the northern part of 
the continent, in order to prove the existence of the ice period, and 
of the phenomena peculiar to it, we may invoke certain astronomical 
/acte, which in their combination were no doubt abundantly sufficient 
to produce this great winter of the ages. 

The foregoing considerations, though very inadequately presented, 
hare still been given at greater length than would have been thought 
necessary were there not in some quarters a disposition simply to 
bring m conjectures, to the entire exclusion of facts. It is not my 
wish to discard hypotheses ; I would only have them in their true po- 
sition ; while facts should not be supplanted by mere fictions of the 
onderetanding. The several points mentioned have been dwelt 
upon at so much length, not because their exact importance has been 
folly established, but because they involve suggestions which, as fol- 
lowed out with sober discretion, pronuse to lead to more accurate 
and trustworthy results than have been thus far reached. Enough 
has been said to indicate that there are facts deserving careful con- 
aderation ; that the way is open for their investigation, and for our 
gradually securing a broader and more intelligible view of the Gla- 
cial period ; that we are not to single out any one element or series 
of elements, as affording an adequate solution of the manifold diffi- 
culties, but that we should learn to take all the factors in their proper 
connection ; and that they all, or most of them, may have come at 
great intervals so to operate in a given direction, as not to counter- 
act, bat to favor, each the agency of the several others, and thus to 
produce a long, cold winter of the ages. Such, if I mistake not, are 
lome of the antecedents of glaciation. 
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§ 6. The Inception of the Ice-Sheet. 

There being some sucli kinds of preparation as those just men- 
tioned — ^there being an abundant snpply of moistnre, followed bj a 
steadily increasing cold — snows would fall in winter, and gradually 
waste less and less each succeeding summer. This process continu- 
ing as the warm season became shorter and more fitful, the cold 
would finally be largely in the ascendant In connection with these 
several circumstances, there being alternate thawings and freezings, 
the snows on the elevations might become adhesive, and not waste 
away ; we should expect them slowly to change to n^W, and this in 
due time to glacial ice. Masses of congealed moisture could thus 
begin to form in regions lying far to the north, and by slow degrees 
in those situated more ,to the south. These would at first remain all 
summer long only on the higher grounds. They might occur on 
most of the elevations properly situated for such results. At 4he 
outset they would doubtless be local. Probably they might be found 
in all the more elevated basin-shaped valleys with narrow outlets, 
usually separated firom each other, one or more proceeding fix>m 
very favorable height. And these inceptive glaciers would be char- 
acterized, and have their behavior determined according to the 
nature of the surface, the local conditions of heat and cold, and the 
various modifications in the working of the agencies operative in 
their production. Accordingly the fact of intense igneous activity 
near the close of the Tertiary period — suggesting the occurrence of 
immense evaporation, and thus the source of abundant aqueous sup- 
ply, results which were no doubt of long continuance — and the fact 
that a time of greater cold finally followed, probably occasioned by 
cosmical influences, afibrd sufficient occasion for the beginnings of an 
ice-sheet even in New England. Thus there may have been formed 
many ice-rivers, both far to the north, and more or less speedily in 
this neighborhood. These, at first, might be somewhat isolated in 
their character, and flow in various directions. Those firom the 
White Mountains perhaps moved toward every point of the compass ; 
such as originated in the north-south mountain ranges, would extend, 
some westward, others toward the east, down the existing valleys 
and lines of depressions. Of course in connection with these grow- 
ing glaciers there must have been the various phenomena appropri- 
ate to the conditions. Associated with most of them would be those 
processes aad results usually occurring in the masses of like dimen- 
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, and existing under kindred relations. We shoold naturally 
look for the denudation of the surface of the underlying solid rocks, 
with their polishing and striation, all taking place at once, and in 
directions determined by the course of each glacier, in fact by that 
of its sereral different portions. » Loose rocks might be taken up, 
debris gathered from the sides of the valleys, forming lateral lines of 
angular stones and half-comminuted matter, while some of these 
would unite in medial ridges on the occasional junction of two or 
more ice-streams. Resting on inclined surfaces, pressed onward by 
forces suited to secure motion, accelerated and retarded by the alter- 
nation of favorable and of adverse conditions, the mass under the 
action of cold would encroach all winter long upon the plains below, 
and during each recurring sunmier, as heat prevailed, it might, and 
no doubt usually did, retreat somewhat for a while, leaving where the 
ice melted terminal moraines, with lateral and medial, as witnesses of 
the advance of the preceding season. In case of a great increase in 
the intensity of the cold, the mass of ice must be augmented, the old 
markings planed off*, new polishing effected, fresh inscriptions 
written, while the previous morainic masses would be wiped away 
by the advancing stream of ice, and thus few, if any, traces left of 
their former existence. 

Such is a brief, and of course a very inadequate account of what 
was, perhaps, the beginning of the vast ice-sheet which eventually 
spread over all this region. ' While it is, indeed, only a rough out- 
line, it possibly serves to call to mind substantially what we may 
suppose was the opening chapter in the history of the Glacial period. 
The inception of the work was the formation of a great number 
of limited glaciers of distinct ice-streams on the flanks of the moun- 
tain heights, in the northern half of the continent, and still later in 
all New England. This beginning was not, of course, exactly syn- 
chronous in its several different parts ; the work travelled from the 
north southward ; and when it was only fairly initiated in what is now 
our neighborhood, there was probably a far more advanced stage of 
progress in the northern portions of America. It is scarcely nec- 
essary to add, after what has been presented, that in the very nature 
of the case the records are extremely scanty. The whole account 
must be constructed largely on theoretical grounds; theoretical, not 
as entirely apart from a stable foundation, but in the sense that, hav- 
ing few immediate &cts before us, we are compelled to ^rear the 
structure, not without &ct8, but in the light of such as stand, if I 

noCMEDOtQB B. 8. S. H. — VOL. XT. 6 •■PCTMBSB, 1873. 
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ma;^ so express it| in a secondary relation to the original occurrences, 
and so to the restored edifice, which is supposed to answer to them. 
While this involves disadvantages, while it renders the work of re- 
construction more difficult, it is really no objection, in case the later 
ma]terials on which we rely for evidence prove actually to be what the 
glacier-hypothesis implies they are. Thus this beginning of ice- 
streams perhaps properly constitutes the first stage of the Glacial 
period. 

§ 7. The Fonnation of the Ice-Sheet. 

Many local glaciers having come into existence in the manner sup- 
posed, it may be inferred that the way was at last prepared for the 
production of an immense field of ice. It is possible, if not probable, 
that there was little intermission in the formation of the ice-sheet. 
Snows falling in winter all over the northern regions, and gradually 
coming to melt less and less during the summers, there would be the 
first steps toward a broad blanket of ice, which would be thickest, of 
course, in the more elevated regions and mountain valleys. The cold 
continuing to grow more intense, the work already begun must con- 
stantly advance. Snows still forming to some extent, whether so rap- 
idly as before or not, since the waste would steadily diminish, there 
would be in the aggregate a gradual increase in the quantity. The 
mass of neW receiving constant additions, we may presume that there 
was a perpetual augmentation of material, and that thus the several 
ice-sheets, or the thicker portions of a broad ice-sheet, experienced 
a proportionately rapid expansion and thickening. The many dis- 
tinct glaciers (and there must have been what was substantially their 
their equivalent) having their respective sources far up in the moun- 
tain fastnesses), would accordingly extend further and further down the 
valleys, and by degrees inosculate with each other. 

This process going on with little or no interruption, and there 
being less and less wasting of the ice masses, we may surmise that 
they were finally much prolonged. Thus they must hjive been thrust 
down into the p!i':i 5 In various directions to a great distance; from 
the White Mountaius eastward, westward, southward, and perhaps 
northward; from the Green Mountains mainly toward the cast and 
the west; and likewise from the Adirondacks, according to the nature 
• of the region, and the various conditions which were there prevalent. 
Consequently the long valley now occupied by Lake Champlain and 
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the Hudson River (for what are to-day regarded as two valleys were 
then virtually one, as well as the Valley of the Connecticut Kiver, to 
say nothing of other north-south depressions, must have begun at last 
to receive the incoming ice-streams. These would enter somewhat 
from the glacial mass lying on the north, also from the east and from 
the west, as they slowly left the mountain heights. In this way, not 
to speak of all even by name, two greater glaciers were likely to be 
formed from these minor ice-streams, each advancing according to 
the main inclination of the surface, as favored by various attendant 
circumstances. 

But this is not all. The time doubtless came, and it may have 
come much more speedily than has been implied, when these several 
great rivers of ice each ceased to have a separate existence. The pro- 
cesses already referred to still advancing, the ice-flow steadily making 
headway, the countless local east and west glaciers could remain no 
longer distinct They doubtless lost themselves in, or came to be 
simply members and feeders of the various great ice streams that 
extended from the north southward, through the principal meridional 
valleys; and we may presume that they finally ceased to exhibit 
individual distinctness. The snows continuing to fall, the time must 
have arrived when all the before isolated streams of ice at last be- 
came connected. Thus they may have more and more lost their 
separate identity as the snows accumulated in the highlands, and the 
mass thickened over the plains until the whole region was covered^ 
not by several isolated glaciers, as some seem to suppose, but by one 
immense sheet of ice, only interrupted here and there by a few out- 
standing mountain ridges. The agencies already mentioned continu- 
ing to operate in their legitimate way, the great winter of the ages 
having set in with all earnestness, finally ever}' valley in the region, 
including the beds of the cxbting lakes, must have been filled, all the 
plains covered, and each height, save some of the topmost peaks of 
the White Mountains, shrouded in a continuous^blanket of ice. Such 
being the case, there could no longer be a separate Connecticut 
EUver glacier, or a distinct one of the Hudson River, as Professor 
Dana appears to suppose; instead of these, and of the many more 
which possibly existed at an earlier day, there was doubtless a single 
immense ice-sheet spreading over the country. And the formation 
and continaance of this vast expanse of ice in such force, properly 
constitute, as it is thought, the second and grand stage of the Glacial 
period. 
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§ 8. The Declination of the Ice-Sheet. 

In dae time the height of cold must have been reached, and, 
after a long intenral of equilibriam, succeeded by a slowly returning 
season of warmth. After a protracted succession of feeble oscilla- 
tions, the heat element no doubt gradually came into the ascendant. 
The immense mass of ice began at last slowly, and by almost imper- 
ceptible degrees, to diminish; this state of things continuing, mast fi- 
nally have lost more by thawing than it gained by accretions. The 
melting, of coarse, was likely to be at first largely on the southern lim- 
its, and only gradually to advance northward, thus causing the sheet 
of ice slowly to retreat, until it finally disappeared entirely from New 
England. This retreat was no doubt by very slow degrees, for ice 
does not melt in a moment, even when the weather is hot, much less 
when it is comparatively cold; while there must have been additions 
each winter, tending in a measure to balance the perpetually 
recurring losses. The recession of the icy mass was also prob- 
ably very far from uniform. No doubt the southern border was 
irregular or jagged, like the existing coast of the ocean. It likewise, 
perhaps, receded by occasional hitches, or slowly recurring strides, 
there being a succession of pauses, the measures of which were in all 
probability largely detemuned by the inequalities in the surface of 
the country. 

Professor Dana seems to look at the matter somewhat difiTer- 
ently. He says there was "an extended change of climate. 
.... The melting would therefore have gone forward over vast 
surfaces at once, wide in latitude as weU as longitude, and not merely 
along a southern edge with slow creeping progress northward.** 
That the melting must have occurred over a broad area, in fact, to 
some extent over the greater portion of the glacial field, is no doubt 
true. This statement, however, by no means annuls, or in any wise 
impairs, the probability that the wasting took place largely along a 
southern margin which was constantly varying, and from time to 
time perceptibly receding from the south. While there was almost 
uninterrupted melting, there were also constant repairs. Thus the 
ice-sheet, which was no doubt considerably thicker in its northern 
than in its southern portions, would, though it lost somewhat by 
thawing, continue to present an equal thickness for a long time, as it 

^ Paper cited, p. 67. 
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slowty adyaaced southward. And, as thus advancing, it would tend 
constantly to repair the wasting edge, bringing in a high and almost 
precipitous wall of ice to take the place of the melting parts, there 
would, therefore, doubtless be considerable abruptness on the south- 
ern limits of the ice-field, maintained in connection with the inces- 
sant strife between the wasting and the replacement of the mass 
along its slowly receding border. 

The exact conditions under which this wasting occurred are not 
yet known with certainty. That there was a change of climate is 
generally admitted; but how it was brought about is a question which, 
though it has been often discussed, is still waiting for a satisfactory 
answer. According to Professor Dana, ^ there was a sinking of the 
land below its present level, resulting in a mUd climate and tli^ 
melting of the great glacier." * Patient and long-continued examina- 
tion of the drifb phenomena has failed to bring to light any evidence 
of such a subsidence, while it has wakened great doubt as to its oc- 
corrence. It is true that the mass of ice overspreading the country 
ifoold tend to depress it, but such tendencies by no means result 
invariably in actual subsidence, or at least in subsidences great in 
amount But aside firom this one point, viz., the antecedent proba- 
bility that the weight of ice would depress the region in whole or in 
part, I know of no evidence that there was any considerable sub- 
mergence of New England during the closing, or indeed any part of 
the Glacial period. 

That small portions of the country were perhaps slightly depressed 
daring subsequent times is freely admitted; for there is evidence that 
parts of the region were at one time lower, relatively to the sea-level, 
than they are to-day. But they may have been a trifle lower at the 
beginning of the Post-Tertiary times, and thus there has been little 
if any subsequent depression ; or the apparent change of level may 
have been, as it probably was, due to another cause, to be mentioned 
in the sequel. Meanwhile there seems to be no satisfactory proof 
that this subsidence, if there really was one, equalled 500 feet in 
any part of New England. But, granting that there was such a sub- 
sidence, and that it actually occurred, as Prof. Dana seems to think, 
daring the glacial period, we arc to remember that so far as can be 
yet shown, it did not extend far to the west, and so far as the evi- 
dence goes that it was very slight — ^in the New Haven region, accord- * 

tP^Kiroited^p. 48. 
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ing to our author,^ only somewhere from 40 to 65 or 70 feet below its 
present level. Under these circumstances it is evident that the de- 
pression in question could have had, at the best, onl^r a very limited 
effect on the climate. Such a submergence, or one even of 500 feet, 
must have left the ice mountain-high all over this region. Indeed, 
the ice would have continued to stand far above the sea, in case it 
were at its present level, and especially if the surface of the ocean 
had been considerably lowered by the immense loss of water 
caused by experienced in the formation of the ice sheet. But, 
even admitting that the land was slightly depressed, we do not 
get rid of all difEculty. It seems to be forgotten that a submei^nce, 
in order t6 be effective, either in changing the climate or in the wast- 
ing of ice, must be great. Submerged ice scarcely melts at all, unless 
it be in water having some ten or twelve times its own volume, and 
unless the surrounding temperature be comparatively high. Now 
these conditions must have been wanting, ac6ording to Prof Dana's 
suppositions interpreted in the light of facts, so far as I can make 
them out. Indeed the ice-mass, in spite of the conjectured depres- 
sion, must have continued broadly to spread over the continent, as it 
probably stood high above the ocean during the closing stage of tha 
glacial times. Unless, therefore, there had been a change of climate 
from some other cause or causes, the ice, so far as we can now see, 
could not have wasted, but must have remained as it was — unthawed 
for ages. 

Meanwhile, however, there is peculiar evidence of an astronomic 
kind which ought not to be overlooked. As the earth appears to 
have been, at what was perhaps the beginning of the glacial period, 
in a position relative to the sun and the planets favorable to a greater 
degree of cold, so, toward' its close, it was in an attitude probably 
suited to induce a return of warmth, and with it to cause the long 
winter in due time to come to a close. Whatever theory is held in 
respect to this matter the facts none the less exist, if we may trust the 
calculations of astronomers ; and to all appearances they are certainly 
very significant. But this point must be lef); with the simple query 
whether it does not deserve a far closer investigation than it has yet 
received from either the astronomer or the geologist. Such a change 
of climate accordingly occurring, whatever may have been the 
cause, a time of waste was sure to follow. The main sheet of ice 

iFliperoited,pp.48,eO. 
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must slowly melt, until at last there would be left only local ice- 
streams, and these for the most part in the more elevated portions of 
the country. This process gradually going on, the long winter slowly 
retiring to more boreal regions, and it^ accompaniments disappearing 
at about the same rale, though with protracted pauses followed by 
sudden starts, finally even the minor valleys of New England lying 
high up on the flanks of the mountains would come to be free from 
ice. ^nd it is this wasting of the ice which, as it occupied the clos- 
ing pajt, constitutes the third stage of the glacial period. 

§ 9. Hie Extension of the Ice-Sheet, 

Bot'h superficial and vertical, is a matter as yet by no means fully 
settlec^. While not a little has been said and written upon this point — 
much perhaps that has been to no good purpose, — a great deal re- 
main* to be done in the way of careful observation of facts, of accu- 
rate estimates and critical deductions. There is meanwhile con- 
stantly accumulating evidence that the ice was probably of much 
greater extent than most observers even conjectured, only a few 
years ago. That some such agency as the glacial has wrought on the 
surface of all New England, a few isolated summits of the White 
Mountains alone excepted, now seems to be clear beyond a doubt 
to those who advocate the glacier hypothesis. Prof. Dana indicates 
that the entire continent north of about the 40° of latitude must 
have been affected by it during some portion of the drifl period. As 
to whether it extended further southward, New England, so far as 
we yet know, furnishes no evidence except that implied in the esti- 
mated thickness of the ice-sheet. Had it been in great force in the 
southern portion of the Eastern States, or say in the vicinity of New 
York city, the probability is that it must not only have stretched 
along the Alleghanies, but also spread widely over the country on 
both sides of the range, and far to the south, even in the Mississippi 
Valley. 

As to its actual thickness in New England there is, up to this time, 
considerable uncertainty. Granting that the work done in this re- 
gion was cfiected by glacial agency, we cannot doubt that the mass 
of ice covered almost the entire surface ; but very different estimates 
have been made as to its vertical extent. Supposed traces of glacial 
action may be now seen on the White Mountains, at points some 
5,500 feet above the existing level of the ocean. Indeed, up to that 



'i i 



Digiti 



ized by Google 



FnyO 88 [Fehnutfr 88, 

height it is evident that nearly the whole surface has been smoothed 
and more or less striated. Rising superior to this line of eleyation 
there was no doubt a considerable mass of solid ice, and above this 
perhaps, as many infer, somewhat of ndv^ and of unconsolidated 
snow. Some are of the opinion, and for this view there appear to 
be plausible reasons, that the surface of the great ice-sheet was 
much higher than the present summits of the White Mountains. 
The upper portion of the ice, even the last 2000 or 8000 feet, would 
be far less efiective in wearing off and smoothing down an underly- 
ing rock surface than parts overlaid by a greater superincumbent 
mass. Be this, however, as it may, the least supposed thickness is 
comparatively great. If now we assume the ice-sheet to have been, 
as Mr. Dana does, comparatively level on its upper surface, we are 
compelled to admit that it not only covered all the rest of New Eng- 
land, but that it also actually lay above what are now the highest 
summits of the Green Mountains which have glacial furrows, in a 
mass more than a thousand feet in thickness. It is not improbable, 
however, that the surface of the ice-sheet was somewhat lower to the 
south and to the south-east of the White Mountains than it was all 
along their flanks, and along the most elevated line of the Green 
Mountain range. 

On the other hand, it seems probable that the height of the ice- 
sheet was very much greater still flnrther to the north and to the 
north-west. So far as I am aware, every known fact points in this 
direction. It would not perhaps surprise one to learn we may here- 
after discover decisive proof that there were many inequalities in the 
surface of the ice, and that between such elevations as the White 
Hills of New Hampshire and those of the Adlrondacks there may 
have been slight, if not considerable, depressions. While these 
points are by no means certain, there seems to be good reason for 
supposing that the thickness of the ice-mass was immense. The 
agency that was at work certainly has left traces in New England 
little less than 600p feet above the present level of the sea; and, in 
places lying further to the north, it may have reached, as some have 
inferred that it actually reached, even if it did not exceed, the height 
of eight or ten thousand feet. 

§ 10. The Motion of the Ice- Sheet. 

If such a mass of ice as has been supposed actually existed it, of 
coinrse, moved ; not necessarily under the exact conditions, and with 
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just the rapidity, of a glacier of to-daj ; still it moved. And while its 
presmned motion snggests many difficult points — some which cannot be 
readily explained — it involves others which are clear beyond a doubt. 
It should be distinctly remembered that the prevalent conditions of 
the glacial period were on a far grander scale than those connected 
with modem ice-streams, and in some respects very different from 
them. For such differences due allowances ought always to be made. 
Now glaciers have been compared with rivers; and, though there are 
important differences, there are also many points of similarity between 
an ice-stream and flowing water, so many that the comparison is to a 
limited extent just. A large amount of moisture condensing and 
falling on the table lands of a continent at once seeks the lower 
levels. The fact is essentially the same, whether it be in a liquid or 
in a congealed state. In the latter case, of course, the operation is 
Blower, but the tendency is in no wise different as respects the point 
in question. This being so, we see that if an immense body of ice 
were lying to the north of New England it would naturally seek, 
though the slope were slight, all the lowlands and depressions. 
Were it lying on a horizontal plain there must be from simple weight 
a tendency to motion, from its centre outward, in all directions over 
the level surface. In case the plain were gently inclined toward a 
given point or points of the compass, we should expect the predomi- 
nence of the tendency to be determined, other things being 
equal, by the inclination. If heat were brought to bear on 
the edge of the side most inclined, or occuppng the lowest 
position, so as readily to waste this part of the mass, the ten- 
dency to motion in this direction would be increased. Should 
this exposed portion of the ice be largely removed by thawing the ten- 
dency must be greatly augmented ; for room would be made for, and 
movement imparted to, the remainder of the mass lying in the rear. 
Were there also alternate freezings and thawings, alternate instances 
of contraction and expansion, there must likewise be successive in- 
stances of retardation and acceleration. Meanwhile there should be 
in addition, first, the motion secured by contraction of the ice-wave 
on an inclined plane, and next, the motion generated by the expan- 
sion from fi'eezing, especially if moisture derived from the melting 
of the snows on the surface percolated all the crevices of the ice- 
sheet. The simple application of the principles suggested by these 
statements, and of others of a cognate character which it is not nec- 
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essary to mention in this place, since a careful study of the matter is 
sure to bring them to mind, may serve to show that the motion of 
the icy mass is almost a matter of necessity. One may also surmise 
from these hasty statements the nature of some of the many condi- 
tions and agencies concerned in glacial motion, which cannot be 
given in detail, though a knowledge of them be requisite to a full 
understanding of the subject. 

Professor Dana, however, appears to look at the matter differently, 
if not in an entirely diverse light He says, and this seems to be 
his main statement in reference to the point, ^^ the glacier owes its 
power of movement to the facility with which it breaks and mends 
itself."^ That ice breaks under certain circumstances, and in break- 
ing, or as broken, may more readily pass over, or move around given 
obstacles, is of course perfectly evident; but what causal relation 
exists between its mending and its motion, or what motive power 
inheres in the process, is not so plain. Applying the same phrase- 
ology to water, of course with due allowance for admitted differences, 
we fail to find in the second term any meaning whatever, so far as 
tendency to motion is concerned. But, waiving the further examina- 
tion of this point, one may reasonably ask, whether there be not far 
too much efficiency ascribed to this supposed agency.^ Breaking and 
mending, while they should not be overlooked, are, after all that may 
be said, little more than concomitants in glacier-motion. All the 
breaking and mending in the world, by themselves alone and if there 
be nothing besides, would not necessarily carry the mass of ice for- 
ward in the least 

Meanwhile there are various conditions and agencies, in connec- 
tion with which, as we have seen, movement would actually occur. 
Great cold prevailing on the northern limits of the ice-sheet, and 
serving as a barrier to its motion in that direction, there being at the 
same time a partial melting of its southern face, the waters from the 
wasting snows on its surfiuse percolating the icy mass, there also 
being contractions and expansions consequent upon alterations in 
the temperature; all these being connected with the gravitating force 

^ Paper olted, p. 60. 

* A remark of Profeesor Agassiz, who is perfectly fkmiliar with the phenomena 
of existing glaciers, saggests the little prominence which should be given to the 
agency in question. ** Breaking and mending," he lately said to me in conversa^ 
tion, " only take place where glaciers form oasoadee, or rapids as it were, over 
greatly oneven ground." 
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of a mass from fire thousand to ten thousand feet in thickness, mo- 
tion toward the south would inevitably result, even on a horizontal 
plane, and much more, if there were a southward inclination of the 
country. A southerly motion being thus almost a matter of neces- 
sity, its probable rate becomes a question of interest, and deserves a 
passing glance. In looking at this point, one ought not to forget the 
marked difference in the conditions under which the great ice-sheet 
apparently existed, and those connected with the short, isolated 
glaciers of modern times. We should remember that we have no 
positive evidence that the face of the country was any more broken 
or mountainous, during the glacial period, than it is to-day; that the 
mass of ice probably rested on a surface not so far removed from a 
plain as some suppose; that in addition to the comparative absence 
of slope in the region, it had occasional mountain ridges, many hills, 
and other kindred obstructions to surmount; and that, consequently, 
its motion must have been very slow, as compared with that of any 
of the existing glaciers of the Alps. We are also to bear in mind 
that there must have been considerable variation in this movement, 
in different localities, determined by the existing exigencies, as the 
equality or inequality of the surface, the degrees of its inclination, 
the thickness of the ice-mass, and the like. 

Now, while accurate measurements have been made^ of the mo- 
tion of glaciers of different dimensions, slope, thickness, age, and 
the like, in the steep, narrow valleys of the Alps, we can hardly ap- 
ply these, without modification, to the broad and comparatively level 
ice-sheet, as it probably existed in this country. Indeed, an atten- 
tive examination of a great number of facts has forced me to believe 
that the movement in New England was extremely slow. Professor 
Dana suggests that the glacial sheet had a motion ^^ not exceeding a 
mile in a century, which is equivalent to about a foot a week." * 
This estimate, as should be remembered, was made on the supposi- 
tion that the northern part of the continent was elevated during the 
ice period, and that thus the slope was then much greater than it is 
now. Various considerations indicate, that the rate of movement, 
in most localities, was by no means so great as the estimate implies; 
while in some, it may have been greater. The conviction wakened, 
u the result of considerable observations, is that the average rate 

1 S«e "SjaUsae Glaciaire," bj Prof. Agaadi. 
•Faperdted^p. 60. 
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of motion was very fieur less than even that stated b^ Mr. Dana, — aaj 
from ten to fifteen feet a year. Bat in making an estimate of thk 
kind, a great many elements need to be taken into account — ^too 
many for present consideration. It may be simply remarked, there- 
fore, that the motion of the ice-sheet, like that of an existing glacier, 
was undoubtedly very unequal in different parts. Indeed, on this 
point I have already found conclusive evidence.^ In some portions 
of the mass, there were plainly accelerations; while in others, ihe 
ice necessarily met with obstructions, and was thus in a greater or 
less degree retarded. 

§ 11. The Direction of the Ice-Sheet 

Is indicated by a great number of facts, which need not be enu- 
merated. It is easily made out in an uneven region by the charac- 
teristic aspects of what are called the stoss and lee sides of the rocks. 
Like horizontal and vertical isotherms, the phenomenon was to a 
considerable extent climatical.' Accordingly,, it must have been 
largely determined by the climatic conditions of moisture, tempera- 
ture, and the like; meanwhile it was partially, and in some places 
greatly, modified by the general contour and the everywhere varying 
features of the country. In the earlier stages of the work, before 
the masses of ice were very thick, and while they mostly lay in dis- 
tinct and separate depressions, the direction of each sloping^ valley 
would be that of its ice-stream ; so that, moving along in their chos- 
en channels, the several glaciers must have denuded, polished and 
striated the surfaces of the rocks over which they passed, thus leaving 
vestiges of their existence, of their work, and of the course they 
took down the valleys which they traversed. Such traces, had there 
been no subsequent abrasion, would have remained to tell us, no 
doubt explicitly, the direction of the local glaciers during the earlier 
part of the ice period. 

On the increase of these local glaciers, and the final union of all 
in one immense sheet, a marked change appeared not only in the 

1 1 may refer to a single item of evidence pointing in tliis direction. The obser- 
vations which I have made clearly indicate that trarelled matter lias been trana- 
ported to a much greater distance in the oomparatirely lerel basin of the 
Mississippi than in the rough hilly country striking the eastern border of the con- 
tinent. It is not improbable that a like comparison would hold tme between the 
drift of this great basin and that of the moantainons region lying along its north- 
ern border. Similar testimony is found, only it is on a smaller scale* in the basin 
Of the ConneoUcat, and in that of the Hoosatonio, to mention no other instanoes. 
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icy mass itself, but in all its concomitants. There being, on the 
whole, a slope of the country toward the south, — a vast pile 
of ice accumulating, slowly but steadily, in the northern regions; 
the wasting of the mass being, at the same time, for the most part 
on its southern border ; there being thus a constant removal of ob- 
structions to progress in that direction, — the tendency to motion 
would be mainly southward. Hence ice, in unknown amount, must 
force itself slowly through the valley of Lake Champlain, and down 
diat of the Connecticut River, from the great winter store-house in 
the north. These main ice-flows would be fed for a while, and 
finally impinged against, by the minor streams from the east and 
from the west The large valleys just mentioned being at last gorged 
with ice, of course the small east and west glaciers could not any 
longer And their way into these reservoirs, for the immense pressure 
from the north must have kept them full even to overflowing. 
Hence the local glaciers might be, for a while, almost at a standstill ; 
but in due time they would necessarily overflow, and begin slowly to 
move southward. The vast mass of ice in the north, because of its 
great thickness, under the simple action of gravity, with the several 
accompanying conditions and agencies favorable to like results, must 
thus gradually extend over the region lying toward the south. So 
doing, it would tend to push southward whatever lay before it, and 
in the end it must force along, perhaps by lingering, and yet by cer- 
tain steps, not merely what some might call the upper parts of the 
mass, but all the underlying and lateral masses, which probably ex- 
isted as local glaciers in the opening of the ice period. Only one 
course, therefore, was left for what were once minor east and west 
ice-streams — they would become merged in the great glacial sheet; 
accordingly, their movement must be slowly southward, not merely 
. in connection with, but as an integral part of^ the vast mass of ice 
that followed the natural outlets of the region in that direction. 

Perhaps a remark should be added, in respect to the change ex- 
perienced by many local ice-streams, when they came to be part and 
parcel of the great glacial mass. This is the more needful, since the 
point seems to have been very widely misapprehended. The change 
may be illustrated by reference to the action of water, though it 
should be ever borne in mind that, while the illustration is good as it 
is used, all the conditions of ordinary streams are by no means to be 
applied to glaciers, for they do not hold. Such a change, then, as 
tile one referred to, in the direction of what were probably once 
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isolated masses of ice, moving toward the east or west, is just what 
occurs, only more rapidly, in the case of water. Small streams, 
having a given course, lose themselves in the mighty deluge which 
sweeps over the country at right angles to their trend. Their in- 
dividual identity is no longer maintained; they are swallowed ap in 
the vast stream, and themselves flow on an indistinguishable part of 
its madly rushing current. Substantially this, according to the evi- 
dence, only at a slowly-lingering pace, perhaps took place in the 
transition from the Earlier to the Middle Glacial times. The general 
erosion, smoothing, and furrowing of the rocks show that the force 
passed the east-west valleys and hills nearly at right angles to their 
trend. Connected with this change in the direction of the force ex- 
erted, the markings of the opening glacial period must have been, 
for the most part, erased. Indeed, such a change and its long con- 
tinuance would result in the obliteration pf all the eailier vestiges of 
ice-action, and to the inscription of new characters, peculiar to the 
middle Ice period. And these later markings must have been writ- 
ten on the surface of the solid frame- work of the whole country, just 
as we find them, north-south in theii^ direction, and suited to tell 
their characteristic story. Thtis what were probably local east- west 
glaciers being turned from the course which they originally followed, 
the whole mass would move southward, often modified somewhat in 
its direction, but never entirely deflected, by local barriers. 

Brief reference should be here made to an evident misconception 
on the part of Professor Dana. So far as I can see, his discrimina- 
tion between the main ice-sheet and local glaciers recognizes, not 
diflerence in time, but simply upper and lower portions of a vast ice- 
blanket, — such inferior parts of the great ice-mass as occupied val- 
leys, and the like, being in his view local glaciers. He seems to sup- 
pose that the superior portion of the main mass was largely distinct 
from the lower; that there was this general glacial sheet which 
spread widely over the country, and had its peculiar motion and 
direction ; that there were beneath it, and to a great extent separate 
from it, many local glaciers, each having its characteristic features, 
and moving for the most part independent of the overlying ice- 
stream ; and that thus there were, above and below, at one and the 
. same time, not merely a diflerence in position, but also in motion, 
and that the lower part of the mass had a distinct and an essentially 
difierent direction. Such is substantially the impression I have re- 
ceived from Mr. Dana's paper. It is easy to see, from this point of 
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yiew, how he has come to misconceive what he calls the glacier of 
the Connecticut, the glacier of the Hudson, the glacier of the Mo- 
hawk, and to speak of them as if they were under, and still distinct 
from, the great ice-sheet that moved from north southward over the 
country. The fact is. New England, during what was its main ice 
period, had no local glaciers. One huge ^mountain — as it were a table- 
land — of ice covered the whole region, filled all the valleys, planed 
the rocks, and did the manifold work that was done, of which the 
north-south striae still surviving are a part of the witness. In the 
opening of the glacial times, there were possibly, to me it seems 
there were probably, local glaciers which were finally swallowed up 
as the great winter of the ages advanced. The small local glaciers, 
of which we have positive knowledge, belonged to what was in New 
England the closing part of the Ice period, and were what remained 
of the great ice-sheet When it left the low lands, and the conditions 
for the maintenance of glaciers existed only in the higher regions. 
Thus Professor Dana's presentation seems to be almost wholly un- 
true in the sense he gives to it, and in the manner in which he ap- 
pears to view the subject, when endeavoring to account for what he 
regards as abnormal furrows, and other kindred anomalies. 

The final wasting of the main ice-sheet must have introduced 
marked changes. While the low lands were laid bare, remnants of 
ice must have been left in the high lands, filling most of the elevated 
valleys. Thus local glaciers would make their appearance on the 
redaction of the main mass of ice in New England. East and west 
local ice-streams, and others of a limited character, no doubt, for 
the greater part and gradually, assumed courses determined mainly 
by the existing depressions. They would in a large measure, and 
in most places, especially in the more central portions of the valleys, 
wear ofi* the legends of the Middle Glacial times, and write in their 
stead a new record, the lines of which might run in a more or less 
east-west (tirection, according to the trend of the valleys. And such 
is substantially what is now found to be true. Reference may be 
made, particularly, to the east-west valleys of the Green Mountain 
range ; valleys, in which the existing striae are for the most part 
characteristic of the later Ice period. On the western side of these 
mountains, the high lands in the counties of Chittenden, Lamoille 
and Franklin are almost everywhere traversed by north-south drift- 
marks of the main ice-mass, while the valleys of the Winooski, of 
the Lamoille and of the Missisquoi which cut through the Green 
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Mountains and these high lands, on their way to Lake Champlain, 
have westerly (and not, as has been affirmed, easterly), strue in 
great abundance. 

In the light of what has been advanced, I am constrained to ques- 
tion another statement of Professor Dana. "In the case of large 
continental valleys," (the italics are his,) " the glacier followed the 
course of the valley even where this course was east and west, as is 
shown by the author to have been true of the Mohawk valley."^ 
This language is evidently used in regard to the phenomena of the 
Ice period generally, and without any intention of restricting it to 
any portion. That what is asserted may have been, to some extent^ 
the fact in the lower part of the River St. Lawrence, and thus near 
the Atlantic side of the great ice-sheet, is not denied ; it was perhaps 
actually the case. Indeed, I have found some evidence that, along 
the eastern margin of the ice-region, as in Essex County, Mass., 
(though this instance was perhaps due to another cause), there was, 
as might be natui^ally expected along the lateral limits of the con- 
tinent, a strong tendency eastward.^ This, however, is one thing, 
while the case of the Mohawk valley is quite another. So far as the 
evidence in regard to the latter locality has come to my knowledge, 
the course of the ice-stream, during the Middle Glacial times, was 
southward, and directly across the valley in question. That the ice 
followed the depression now traversed by the Mohawk River, per- 
haps during the opening, and very evidently during the closing por- 
tion of the Glacial period, is of course most cheerfully admitted. 
Another statement may be noticed, not because of its intrinsic im- 

» Paper cited p. 50. . 

* Many, no doubt, in their study of the evidences of the former activity of ice- 
agency in New England, have been surprised that the prevailing direction of fhe 
striae is so strongly toward the south-east. Since the predominant trend of theae 
striae is regarded by some as conclusive evidence of an elevation of the region 
lying to the north-west of New England, from which it is supposed the ice-mass 
descended, a few additional words on this point may be in place. Granting the ex- 
istence, In the northern part of the continent, of a vast ice>sheet, with a south- 
erly motion, we see at once thatothe^ things being equal, the main trend, especially 
in the centre of the continent, would be north-southward. If we grant again, 
that the ice was of great thickness, and that there was an Atlantic basin on the 
east, it is equally evident that the prevailing trend of the mass along the eastern 
margin of the continent would be somewhat toward the southeast. Such would 
be the case, the whole continent remaining at substantially its present height. 
Thus the eastings in New England have a legitimate origin in the conditions that 
no doubt prevailed during tlie Ice period; tliey therefore neither prove the 
theory of upheaval, nor require it in order to their natural explanatioii. 
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portance, but because it relates to an instance of variation which 
seems to be regarded as remarkable, and deserring of special explan- 
ation. Reference is made to drifl-striae, which occur near Ailing 
town, in the vicinity of New Haven. These "scratches having the 
course south 83° west" ^ may have been due to the special condi- 
tions stated in the pamphlet, or to some other local circumstances. 
Such variations, however, are by no means unusual in given locali- 
ties. In many cases, as long-continued observations have convinced 
me, markings of this kind, so widely divergent from the meridional 
Ime, were not made during the Middle Glacial times ; they are the 
still unobllterated vestiges, not of the main ice-stream, but of local 
glaciers connected with its waning power. 

§ 12. The Duration of (he Ice-Period. 

How long the great winter lasted, is a question still open for dis- 
cussion ; indeed it is one, respecting which it is not easy to give a 
definite answer, so little is yet known of the endless details of the 
subject The investigations of each succeeding year are bringing 
into view new bearings of the case at issue, and are thus preparing 
the way for a more exact decision. So collateral evidence, indicating 
what was done diuring the period, and seen under relations which 
up to the present moment have been only partially discussed, may 
by-and-by throw a flood of light on this problem of time. Astron- 
omy, as discreetly interrogated and candidly interpreted, will per- 
haps hereafter yield elements calculated to help us in our endeavors 
toward its solution. 

Professor Dana seems to think that the duration of the glacial 
work was comparatively short. He surmises that most of the effects, 
(candor constrains me to suggest that, in thus speaking he may 
have reference more especially to what occurred during the later, 
rather than the earlier part of the Glacial times,) required no very 
long period for their accomplishment. While not able as yet to dis- 
prove this supposition, — while not wishing to regard the glacial 
agency of great duration, unless it really were so, — I am, as I study 
the facts, more and more deeply impressed with the conviction that 
the Glacial times must have been immensely extended, especially as 
estimated according to human chronology. Fresh data are con- 
stantly coming to light, and revealing new points of view, tending to 

> Paper died, p. fiO. 
nooBDnroe b. b. n. h.— vol. zv. 7 bxptzxbxe, 1872. 
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show that the work done, daring the winter of the ages, was pro- 
digious. While familiar with the facility shown hj some in explain- 
ing away facts, or making them bend to a preconceiyed theory; 
while also well aware that, in given cases, large depositions are rap- 
idly made, and great changes effected in a short time ; I am still re- 
minded, that such depositions and changes are the exception ; that 
the whole of New England is covered with loose and more or less 
finely comminuted material ; that this could not have been ground 
from the solid rock, and reduced in large amount to the condition of 
a powder, in a moment ; and that, consequently, this material, in 
passing through so many changes, and assuming its present position, 
map have required a long period, even in the geologic sense of the 
term. I do not say that this is the fact ; I simply state the problem, 
that it may lie open for solution. 

With this aim in mind, it may be well that some of the facts 
already mentioned be again referred to, and now briefly set forth, in 
the light furnished by the glacier hypothesis. This is important, 
both that they may be seen as distinctly exhibited, imder this aspect 
of the question, and because they are perhaps suited to give a faint 
indication of the relative duration of the Glacial times, in their sev- 
eral divisions ; the later probably being far shorter than the middle, 
and possibly even than the opening portion of the Ice-period. With 
this purpose in View, I proceed to notice 

§ 13. The Action of the Ice-SheeL 

(1.) As attested by the underlying rocks. The consideration of 
this action, as calculated to throw a glimmer of light upon the point 
in question, may at the same time enable us to determine whether 
the facts be explicable on the ground of the glacier-hypothesis. The 
wearing agency of ice is very powerful in itself considered ; and it 
must have been peculiarly energetic, as brought to bear in the oper- 
ations specially under consideration, if one may judge from the many 
effects which remain as intelligible traces of its presence, and as 
trustworthy witncspes of what was once going on in this region; and 
these effects may be looked upon with propriety, as direct conse- 
quences of glacial agency. 

First of all, erosion has occurred, and to an immense extent. As 
an evidence of this, reference need be only made to the vast amount 
of denudation which has taken place on the surface. In many in- 
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stances, this may be estimated in connection with what are known 
as axes of elevation, portions of the beds having been removed in 
soch a way that, in some localities, the exact amount can be deter- 
mined. In case the rocks in given places were peculiarly hard and 
unyielding, the glacial plough seems occasionally to have passed over 
them, scooping out the softer material, both in front and in the rear 
of these tougher parts. Thus to some extent, hills and valleys were 
formed in connection with the denuding agency, and remain to tell 
us of its extent So lake-beds have been apparently deepened — in 
not a few instances they were, no doubt, largely eroded and fash- 
ioned—by the action of moving ice. The same is true of river-chan- 
nels; they have been hollowed out and widened, the rocks having 
been deeply furrowed, seemingly by ice-streams. Pot-holes also 
occur at various levels and of considerable depth, which, so far as 
we can now see, could only have originated in connection with an 
immense ice-sheet. 

Reference may be made to a single locality, in which such pot- 
holes occur at a considerable height, in the basin of the Connecticut 
River. They are in Newfane, Windham Coimty, Vt., near the crest 
of a hill, some 2600 feet above the ocean. While these pot-holes 
have been generally, if not universally adduced as the work of a tor- 
rent, it is difficult to conceive that a river, in the usual sense of the 
term, ever flowed in the place. In other words, the hill is isolated ; 
whereas the descent of a stream upon it implies the existence of 
higher lands in the neighborhood, probably lying to the north ; that 
such was the case, during the Ice-period, the face of the country 
affords no indications. Again, there is a valley, just below the pot- 
holes on the west, some 300 feet deep. This, if the explanation sug- 
gested be true, must have been eroded since their formation, and 
since there could have been opportunity for the flowing of an ordi- 
nary stream, to say nothing of a torrent, along the surface which 
"ley occupy. And surely to suppose that such erosion took place, 
and yet spared the pot-holes which were apparently as much ex- 
posed as the part of the rock removed, (and this is not a solitary 
case, for there are many like instances in different portions of the 
country, e. ^., in Oxford County, Maine,) is to make a heavy draft 
on our confidence, if it do not overtax the strongest credulity. 

Instead of resting in this unsatisfactory explanation, let us suppose 
""it there was a great ice-sheet ; that its motion was southward ; 
wat it was of a thickness to cover, and that it accordingly passed 
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over, this elevation. Of coarse witih such an obstruction^ in the way 
of the ice-mass, there could readily, and, one may presume, there 
probably did occur a break in the ice, what is known in a mod- 
em Alpine glacier as a moulin^ or well, just above the sunmiit of 
the hill. Now a glacial stream — a thing of constant occurrence in 
the present, as it undoubtedly was in the past — ^flowing on the ear- 
face of the wide spread field of ice from the north or the north-west, 
in consequence of the thawing of the superficial snows under the 
heat of the noon-day sun, and falling into the motdin, must have had 
precisely the efiect of a cascade or mountain torrent.^ Indeed, it 
would be a torrent, or a cascade, according to varying circumstances, 
— a glacial torrent or cascade, — and thus naturally produce the re- 
sults in question. The pot-holes connected with modem glaciers di^ 
fer greatly in form. Those of the Ice period, as one might expect, 
have a like diversity. Frequently they are round, or nearly so; 
sometimes they are more or less oval ; while in many instances, they 
are oblong, perhaps having somewhat the appearance of one in the 
vicinity of New Haven, described by Professor Dana as <*like a 
bread trough in shape."* 

This explanation of the phenomena in the locality referred to^ 
which was suggested years ago by what Professor Agassiz says of 
results, probably kindred in their character, produced by Alpine 
glaciers, may render the whole matter easy of comprehension and 
help to account, in an intelligible manner, for many similar occur- 
rences in different parts of the country. It should be remarked that 
such pot-holes were probably formed at various heights, in connec- 
tion with the surface streams of the overlying glacier. Of course, 
the most elevated could have been produced only during the Middle 
Glacial times, when the ice was probably of great thickness ; those 

1 It is well known that, when existing glaciers meet with obstructions, there oc- 
cur in them breaks which are called moulinB by the Swiss mountaineers; that, 
from the melting of the snows on the surfkce of the glaciers, many streams are 
formed; and that these, flowing into the breaks, become cascades and torrents, 
which wear pot-holes.in the underlying rock, in erery respect similar to those re- 
quiring an explanation.— See Professor Agassix's SysUme Glaciaire. 

* Professor Agassiz informs me that there is no end of the cascades upon the 
large glaciers of Switzerland. He says that all these cascades. fh>m the supers 
flcial rivulets upon the glaciers, falling into the wtoulint, remain stationary— Just as 
eddies in a river— while the glaciers moves on. His explanation is : the ice breaks 
constantly, as it moves forward, and closes up again after passing the obstacle 
which causes the break. 

*Fapercited,p.ea. 
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at lower elevations maj have originated in the closing Glacial period, 
and thus would for the most part occur only in valleys, or depres- 
fflons occupied by local ice-streams. Remembering that all the cle- 
Tated pot-holes of this kind, which are in some cases of considerable 
depth, must have been eroded when the ice was immensely thick, 
ve may get some, though it be a very inadequate impression of the 
the probable duration of the Middle Glacial times.^ 

The view of the matter just presented, if it be substantially cor- 
rect, reveals the non-sequitur of much that Professor Dana advances 
on diis phase of the subject. Referring to pot-holes at a low level, 
he observes^ "These pot-holes must have been made by torrents 
from the land. For the existence of such torrents the land [from 
which the torrents flowed] should have been above its present eleva- 
tion. . . The era of this higher level . . . may have been that of the 
great glacier, and the torrents sub-glacier streams." Respecting 
these statements it may be said, in the light of what has been ad- 
vanced, first, that there is no such necessity, as the author supposes, 
for land-torrents in the usual sense of the expression ; none for the 
asserted elevation of the region in order to the production of a tor- 
rential stream ; that the work, since it is at a low level, was doubt- 
less wrought during the later Glacial times ; that in some instances, 
in which there was a rapid descent of land, pot-holes were possibly 
worn by sub-glacial torrents ; that in most cases, and probably those 
cited in the paper under review, this was effected, not by «iift-glacier, 
but by »ti/)er-glacier streams falling into breaks in the ice-mass. This 
aspect of the matter should clearly remove all the necessities implied 
in Professor Dana's suppositions. So, according to the phase of the 
rabject now presented, there appears to be no occasion for the 

i Ab iUustratiTe of the great duration of the Middle Glacial period, I may cite a 
dngle item of eyldence. In Orange, N. H., on the suramit ridge between the Con- 
iweticat River and the valley of the Merrimao, more than 1200 feet above the 
oc«tn, there are the remains of a pot-hole, which, according to Trofessor Joclc- 
loii (lieport on the Geology qf N. B,, p. 118), was eleven f^t in depth. This pot- 
hole was clearly worn during the continuance of the main ice-moss. Post-glacial 
pot-holes may be eeen in a similar granitic rock at Bellows Falls, Vt Of these 
the deepest are only five feet In depth. Professor Jackson accordingly infers, 
" that if the pot-holes on the mountain top (in Orange) were excavated by a water- 
^ of the some power as that of Bellows' Falls." (and if it were by a glacial 
stfcam^itwas probably of far leas power,) there must have been required for its 
ibnnatioD " more than twice the length of time that the present Connecticut has 
been numing." See ProceedingB qf Am, Mi. Ad. cf Science,' ith meeting, 

•ftpercited,p.«. 
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hypothesis of elevation. Indeed, it seems to be rather an incum- 
brance than a help. This being so, it may be asked whether the 
glacial explanation does not greatly impair the force, if it do not en- 
tirely dispose, of the main point urged by Professor Dana, as evi- 
dence of a higher level of land, during the earlier and middle 
Glacial times. 

But there are not merely traces of erosion ; there has been very 
extensive planation of the rocks. This has taken place over a broad 
area, and in a marvellous manner. The surface of the country has 
been rubbed, scoured, and polished to an extent which might be 
deemed incredible, by one who has not studied the subject long and 
carefully in the field. The portion of New England which has not 
been thus planed and smoothed is almost as nothing compared with, 
the whole. It comprises, for the most part, only the south-east 
mural faces of hills and peaks, and a few of the highest summits of 
the White Mountains. The parts of the surface thus spared dis- 
tinctly indicate the direction in which the abrading and smoothing 
force acted. The fact that the work of denudation and polishing, 
even on the south-eastern slopes of* hills and mountains, was in all 
cases renewed, after an interval, evinces with equal clearness that 
icebergs were by no means the instruments in operation. It also 
suggests that the sheet of ice, in passing over an elevation, was in 
many instances so arched as to leave a portion of the leeward sur- 
face unaffected,' only in due time to resume its suspended work of 
abrasion with renewed force. Indications of such action as this . are 
to be found in abundance in various portions of the country. No 
one can need a better exhibition of it than is furnished by the Adi- 
rondacks of New York, whether looked at in outline at a distance, 
or examined in minutest detail. 

There has also been almost equally extensive striation. Nearly 
everywhere the eroded and polished surface has been scored, 
scratched and furrowed. These furrows and scratches and scorings 
vary greatly in size. In rocks recently laid bare they are in some 
cases so fine as scarcely to be discerned by the naked eye ; while in 
other instances, they are many inches and even feet in diameter. 
Occasionally the objection has been urged that this striation was not 
produced by the action of sand, gravel, and boulders in the foot of 
the glacier, but is the work of man. In reply it may be said, that 
such markings do not occur merely on surfaces which have been for 
some time bare ; on the removal of soil, which evidently had never 
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been disturbed since its deposition, solid rocks have been reached, 
all written over with these strange hieroglyphics. In one instance 
a boulder, which had thus served as a plough-share, was found in the 
very furrow which it had formed.* 

Again it may be objected by some, that the surface of many rocks 
shows no signs of such work. If it be remembered that, in many 
cases, the best polished or striated surfaces, after an exposure of 
fifteen, twenty or thirty years, will have largely lost their striation, — 
that in rocks better able to withstand the action of the elements, a 
ccntiuy must do a marked work of obHteration, — and that nearly all 
rocks, when first uncovered, have vestiges of such marking, — we 
shall, as we observe exposed surfaces without striae, find our objection 
fast fading into thin air. We may be led to believe that almost every 
weathered rock once bore marks of glacial action. Indeed, the ex- 
perienced observer can often detect such traces in the outline of the 
rock and in many other forms, when the unpractised eye will only 
see a blank, unlettered surface.^ It is thus doubtless true, that the 
vestiges of the ice-plane have been both largely effaced, and are in 
process of efiacement, from most exposed surfaces; while almost 
every fireshly bared ledge gives unmistakable evidence of former pol- 
idxing and striation. So there are, at many low points, (take as an 
instance the Isle la Motte in Lake Champlain) several sets of strisB 
crossing each other at varying angles. These are indicative of dif- 
ferent directions, and thus of successive stages of the glacier ; they 
accordingly evince that the glacial times really consisted of several 
distinct, though closely related stages, instead of one uniform pro- 
cess of short duration, as some seem to have supposed. 

Now these facts — these evidences of action on the underlying 
rocks, in the way of denudation, polishing, and furrowing — which 
we encounter all over New England, and which never could have 
been caused, some of them at all, and most of them even on a very 
limited scale, by icebergs, seem to be the legitimate work of ice 
slowly moving southward, in a vast sheet. The various points cited 

1 Emmons' Geology cf the Second District of New York, 

■It may be proper fbr me to quote the following statement hj FroflMiOT Agassi?, 
wtach lias recently fallen under my eye :— " These erased and obliterated surfaces 
(rocks moutoun^a) without scratch or fhrrow, are often Intersected by large dykes, 
the nirfiiccs of which show all the markings that have vanished from the adjoining 
rocks. The inequality in the level of the rocky hill and of the dyke shows the 
amount of decomposition since the glacial period." For other kindred statementi 
t(BthlBf^ferOmtheparaUelIioadiqf Glen Boy. 
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and many more which might be readilj adduced, indeed the mani- 
fold other facts of a cognate character, all seem to be just what we 
should presume they would have been, in case the whole region had 
been once traversed by a vast body of ice, impelled, slowly but 
steadily, toward the south, as the winter flow of an ice-continent. 
And this view enables ns to understand how the ice, which must 
have been thicker in the deep valleys of the Hudson, of the Connec- 
ticut, and of other north-south streams, than on the intermediate 
hills, would in connection with the main mass move onward beyond 
their present outlets, especially during the Middle Glacial times, and 
form the submarine glaciated channels, as it made its way over the 
shallow plateau to the deep sea. And the same is true in resp^ect to 
various other points, some of which are very hard to interpret on any 
other recognized hypothesis, than that of an extensive mass of ice 
covering the whole region to a great depth. 

§ 14. The Action of the Ice-Sheet, 

(2.) As attested by the overlying material. The traces of this ac- 
tion reveal additional evidence of the time required for the accom- 
plishment of so much work, and of the way in which it was effected. 
Only a few facts need to be mentioned as illustrative and confirma- 
tory of this phase of the subject, and these the most obvious. If 
there were such a denudation of the surface of the country as has 
been already referred to, it must have led to certain results — it could 
not, indeed, fail to reveal itself in given pffects — ^which may be prop- 
erly regarded as accompaniments of glacial agency. 

There would be, in the first place, the erosion of a vast amount of 
material. Something of the kind would necessarily follow, if a 
mountain of ice shod with tough erratics moved slowly but steailily 
along, constantly fiirrowing the surface of the subjacent solid rocks 
and scraping up and carrying off the loosened material.^ Under 
these circumstances, we should expect an important work to be done 
during the earlier part of the ice-period. The local jxlaciers, filling 
the mountain valleys, would, as they advanced, plough up ^the sur- 
face, and push along, at once before them and beneath, a large 

» Professor Agassiz says, " On creopiug under a glacier, 1 aotoally saw the lower 
snrfhce of the ice studded with pebbles and boulders. Immovably set In the glacier, 
like mounted stones; and once I saw, still in its place, the powder that had boon 
ground by the rubbing of these pebbles against the wall rock of the vallpy, in 
which the glacier was moving." similar remarks are of frequent occurence in his 
various works on glaciers. 
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amount of disengaged matter. They were also likely to take not a 
little from the sides of the moontains that chanced to skirt the val- 
leys which they traversed. 

During the Middle Glacial times, the work must have gone on 
with even greater vigor. The vast accumulations of ice, spreading 
far and wide, of great thickness, would abrade the surface at 
large, and in some respects tend to plough deeper furrows than in 
the earlier portion of the cold period. Nearly every height bein*' 
covered by the broad mantle of ice, the material must have been 
mainly furnished from the surface of the underlying solid rocks. 
This matter, as disengaged from the subjacent rocky floor, might be 
borne along, and to a considerable extent broken and ground to 
powder, by the immense rock-crusher that slowly and with irresisti- 
ble force moved over the country. There would thus be a large 
amount of detrital material especially beneath, and to some extent 
in front of the great ice-sheet^ 

On the final wasting of the stupendous mountain of ice, one might 
expect all this matter to be lefl in a confused jumble, overlying the 
surface of almost the entire region. Such a mass of material now 
covers neaiiy all New England. It must have been likewise spread, 
very largely, over what is to-day the submarine border of this por- 
tion of the continent, the level of the sea perhaps being at that time 
still somewhat depressed. Accordingly, the submarine valleys, ex- 
tending from the mouths of the Hudson and of the Connecticut, 
would be, as they are now found, overspread by typical drifl. 

But this leads me to notice what seems to be a misconception, on 
the part of Professor Dana, as to actual facts in the production and 
distribution of drifl. He evidently has the impression, that the 
boulders and comminuted material which were abraded from the 
underlying rocks, were taken up into the body of the ice, and only 
dispersed over the surface of the country, in connection with its final 
melting. Referring to the abrasion of the subjacent surface, he says 

> The stat€mentfl in the above paragrtph suggest the preraillng marks of the 
Tast blanket of matter underlying the glacial mass In a comparatirely level coun- 
try like ours, and wherein it Ss likely to diflfer from the drift of a region traversed 
by lony mountains. In confirmation of this, I take pleasure in quoting from one 
of ttie lectures of Profleej^or Agassiz :— " The characterisUc difl^renoe of the drift in 
North America, as compared to that of Europe, is that here, owing to the absence 
of high mountain chains, the drift is almost entirely sub-glacial, i. e., rounded, 
polished, and scratched, and the supra-gUclal angular boulders are comparatively 
few, and mainly found in the vicinity of our higher bllis (the Wtiite MoontainB, 
fbr instance)." 
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diat one result of the movement of the ice-sheet was " the taking up 
of the sand or gravel, stones and rocks, thus separated or dislodged 
into its own mass, which it was enabled to do because of the attend- 
ant breaking of the ice . . . and the readiness with which ice becomes 
solid again by regelation. . . . Thus the glacier moved slowly on, en- 
gorging itself with whatever loose material it made, as well as widi 
what it found in its path.*'* He accordingly appears to think that the 
matter disengaged from the inferior rocks by the action of the ice- 
sheet, was lifted up into its body, more or less diffused through it, 
and of course not distributed until its final thawing. Now this view, 
so far as I am aware, has no countenance from facts ; none from 
the best observers of existing glaciers;^ none from theoretical 
considerations. While the glaciers of the present rest upon the 
drill proper, and are themselves masses of pure ice, with the 
exception of the sands blown over their surfaces, and the mate- 
rial of lateral and medial moraines, such must have been still more 
the case, during the middle and main portion of the Glacial times, 
when there were only a few solitary peaks, firom which superficial 
material could have come. 

I may accordingly resume the statement, that there was necessa- 
rily not a little detritus beneath, and somewhat of it in firont of the 
great glacial mass ; and that this would be left, to a very large extent, 
in its confused condition, on the final wasting of the ice. Now this 
great accumulation of matter, known as typical drifl, remains as an 
existing witness of the work done, and of the time consumed in the 
process. 'While it is true that considerable portions of this hetero- 
geneous jumble have been removed, all that part of it which is now 
found above the valleys, as should be clear, belongs to the Middle 
Glacial times. Remembering that there is no evidence that any 
appreciable amount of detrital material was taken up into the body 
of the ice from beneath, or in any wise enfolded in it, one can see 
how difficult it must have been for the glacier to plough the underly- 
ing rocks with rapidity, or to any great extent in a short time, es- 
pecially during the later portions of Its existence. Thus the abra- 
sion, afler its first inception, must have been very slow ; meanwhile 
the quantity of matter which was disengaged from the underlying 

> Paper cited, p. 6L 

• Professor Agossiz informs me, that the mass of a glacier consists of pure ice^ 
wholly free from detrital matter, and the same is the testimony of other and later 
obBenrers of glacier-phenomena. 
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rockS) is large ; hence the period during wlucb so vast a work was 
in progress, — a work requiring, according' to all ordinary calculations, 
1 yast length of time for. its accomplishment — must have been very 
protracted. 

The material thus accumulated, as should be borne in mind, like- 
wise had a derivaiioTiy which is iuU of instruction. It having come, 
far the most part, from localities lying a little west of north of its 
present position, — it having generally travelled only a short distance, 
and having in all its main portions shown great constancy, in passing 
somewhat obliquely across meridional valleys and hills, — it is difficult 
to see how it could have been in any wise so transported by water, 
as uniformly to exhibit these characteristics. Meanwhile, as to 
origin and distance of removal, as to direction and mode of trans- 
portation, it has observed all the conditions, and shows every mark, 
which we may conceive it would have observed and be likely to 
show, had it been the result of glacier-action. 

While such seems to be the character of the largest portion of the 
typical drift among the hills of New England, there are occasional 
exceptions in the form of erratics. These are far tsavelled, and com- 
posed of tough material ; they are hard-heads indeed, in the literal 
sense of the expression ; thus they were likely to be preserved, in 
spite of all the wear and tear to which they must have been exposed 
m their removal, in their protracted journey, and during the long 
subsequent lapse of time. That other rock-masses which set out 
with them, were ground to powder, and thus unable to tell precisely 
the same story, is no doubt true. The fact that the rounded blocks 
which remain travelled so far, and only just survived the vicissitudes 
to which they were exposed, involves a significant piece of evidence. - 
Bearing in mind that the continental ice-sheet probably had only an 
infinitesimal motion, in comparison with that of the local glaciers 
that now descend mountain valleys, — ^that the portion which bore 
the far-travelled boulders, was doubtless equally slow; and that 
these rocks were, perhaps, transported the greater part of the way 
daring the Middle Glacial times, — we find ourselves possessed of a 
new element, indicating that the winter of the ages must have been 
of long duration. 

The position of the materials of the drift-sheet is also character- 
istic. Matter having been derived as supposed, it having been 
forced along beneath the mass of ice, and to a linuted extent in front 
of it, in some such ways as have been indicated, we readily see that, 
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on the melting of tlie ice during the newer Glacial period, it would 
be left in a jumble, — perhaps very nearly in the state in which we 
now find it We should expect it to cover the whole surface, over- 
lying the hills, spreading across the valleys, and filling the old gorges 
and river-beds substantially as is known to be the case. Consisting 
of a strange medley of heterogeneous, unarranged material, it would 
appear, as it now lies in its undisturbed portions, in some places in 
greater, in others in less thickness. So we might expect to discover 
in it, sometimes far-travelled matter, sometimes not, accordingly as 
the portion of the ice-mass which transported it was favorably sitr 
uated for movement or the reverse. Parts of the same heap must 
likewise have come firom afar, and portions firom the neighborhood 
in which they are found. And while we cannot readily conceive the 
production of such a result, all over the country, in high places and 
low, by the action of icebergs, we see that the drift material is in just 
the plight it would have been likely to assume, it case it took its 
position in connection with the agency of a vast sheet of ice. 

These several points as connected with the overlying matter 
known as typical drift, that have been just passed in review, are 
facts which the iceberg theory cannot explain as a whole, or in any- 
wise render consistently intelligible in their details. They are seen, 
however, so far as I can discover, to be perfectly natural, on the sup- 
position that an immense ice-sheet once covered the land for a long 
period. In the light thus brought to bear, the various facts appear 
to be perfectly explicable, and they all seem to point in the single 
direction indicated. While, thus, the hypothesis that a vast sheet of 
ice spread over New England, during the drift period, is becoming 
more and more probable, there are many attendai^t circumstances 
which appear to indicate that the work was only efifected during a 
long lapse of time. 

§ 15. TTie Action of the Ice-sheet^ 

(3). As attested by incidental phenomena. The fiaicts now referred 
to, no less than those of the two classes just noticed, may bear testi- 
mony as to the length of the Glacial period, and the mode in which 
its work was accomplished. The phenomena in question, though 
they be not equally prevalent in all parts of the country, are sufli- 
ciently abundant in localities which were manifestly favorable to 
their production. They may be regarded as occasional concomitants, 
for they are not unfailing results, of glacier-agency. Properly looked 
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at» thej are accidents rather than uniform accompaniments, of a con- 
tinental ice-sheet. 

Primarily deserving of notice is the acctantdaiion of travelled mat- 
ter. A prominent form, in which this detrital material occurs, is 
strictly an accumulation ; since it is found in heaps, or piled up in 
peculiar masses. Angular boulders are also occasionally met with 
in long lines, as if they had been accumulated with design. Both 
these aspects, under which travelled material may be seen in differ- 
ent parts of the country, are calculated at once to arrest the atten- 
tion of the geologist, and to attract the eye of the ordinary observer. 
Reference is now made to moraines and trains of boulders. As the 
mass of ice slowly melted, the matter which had been pushed on by 
it, and to some extent before it, must have been left, in more or less 
nearly east and west ridges, along its southern border. These, how- 
ever, have been greatly modified by the constant action of agencies 
at work in the closing Glacial period, and during subsequent times. 
Bat in addition to these deposits, there are still to be met with in 
vast force and in unmodified condition, the detrital materials which 
lay beneath the ice-sheet, and were left in place on its retreat. 
These in one view may be regarded as morainic, though they be 
moraines in a disguised form.* Accordingly the deposits thus left as 
the remnants of the Middle Glacial period, are only now and then 
recognized as terminal moraines. 

The morainic accumulations which found place, as the local gla- 
ciers slowly wasted, near the close of the Drift period, are in much 
greater degree characteristic, since they have a more marked outline, 
and because they are fi^quently seen lying at right angles with the 
direction of the ice-movement during what were in New England 
the Middle Glacial limes. While the earlier deposits, for the most 
part, cover the whole region, and especially are seen to occur on the 
more elevated grounds, or in the broad level depressions, from which 
the great ice-sheet would first disappear, the later are usually found 
in valleys which were probably occupied at a more recent day by 
local ice-streams. But not merely terminal moraines occur ; those 
known as lateral are also met with. They were doubtless formed 
during these later times, indeed they must have found place, though 

* I hare here, and in another paper, unwittingly called '' diagnised moraines," 
what I now suppose Professor Agassis has described as '' ground moraines." (Si 
this I was not aware, until I read his recent paper, "On ike evidence qf the ExUt^ 
nee<fOiaeier$ i» the White MomUatm,** 
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they be now somewhat obscured, in not a few of the valleys of New 
England. As an instance of what I suppose to be such morainic 
masses I might cite, though seventeen years have elapsed since I last 
saw them, the ridges along the valley of the Shawshine River, in 
Andover, Mass. 

At this point a statement made by Professor Dana requires no- 
tice. He says, " there were no lateral moraines in the ordinary 
sense of this expression." (p. 52). This, in the light in which he 
views the matter was no doubt true, during the earlier Glacial 
period, as the ice was for the most part extending, and thus allowed 
little opportunity for the formation of permanent moraines. Or, 
perhaps it should be said, if there were occasional wastings and re- 
treats of the ice, and thus the accumulation of the deposits answer- 
ing to them, they must have been speedily obliterated by the ad- 
vancing ice-sheet. During the Middle Glacial times, or as I might 
more correctly say, on the melting of the ice aggregated during those 
times, boulder-trains and other accumulations somewhat like lateral 
moraines, and partaking in part of a morainic character, must have 
been formed, though they were not probably very numerous. 

While such trains of erratics are occasionally met with in differ- 
ent parts of the country, they are perhaps nowhere better exhibited 
than in Richmond, BerkshirQ Co., Mass. Those in this locality are 
especially deserving of notice, both as illustrative of the point in 
hand, and because they have been in many respects greatly misap- 
prehended. These boulders rest upon typical Drift, and are of two 
kinds, (1) such as have been rounded, smoothed and striated, and 
(2) angular. The rounded occur almost entirely in six or seven 
nearly parallel lines, two of which are particularly well defined ; 
meanwhile the angular are scattered over the ground more promiscu- 
ously. These trains lie largely to the south-east of several peaks 
near the State-line. They originate partly in a nearly meridional 
range of hills, consisting of chloritic slate, in Canaan, Columbia 
County, New York ; but more especially in two other parallel ranges 
of peaks with a like trend, situated to a considerable extent in Rich- 
mond. The latter ranges are also mainly composed of a greenish 
slate which contains* extensive beds of interstratified limestone. For 
the most part, the character of the boulders is such, that they can 
be readily traced back to their exact source, — ^those of the two most 
prominent lines, to isolated peaks of the Canaan hills ; those of the 
other trains, to similar heights in the Richmond ranges. Some of 
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these lines of erratics maj be followed south-easterly for four or fiye 
miles ; others, passing over the next eastern tier of hills known as 
the Lenox range, can be followed for ten or fifteen, and one of the 
larger, for some twenty miles. Their direction, in the first portion 
of their course, is southward about 65° east. Somewhat further on 
they change their trend, it being in the main some 85° east of south. 
Such are the main facts in regard to the Richmond boulder-trains. 
Having been ^miliar with the erratics in question from childhood, 
—having such an acquaintance with them as a lad in the neighbor- 
hood might have, even years before they were pointed out to Presi- 
dent Hitchcock by my firiend, Dr. Reid, of Pittsfield, — and having 
carefully examined them a great number of times since, I am pre- 
pared to vouch for most of their general features as given above, and 
for many of their essential characteristics, even for some which have 
been impaired since they have been rudely assailed by man. 

Dr. Hitchcock, presuming that there was a submergence of the 
country during the Ice period, speaks of these boulder-trains as 
osars. Sir Charles Lyell, also supposing a depression, thinks these 
materials were transported by coast-ice ; while Professor Bodgers, in 
order to account for all such phenomena, has assumed the occurrence 
of vast waves of translation. There being no proof of these sup- 
positions, — especially in view of the straight course taken by the 
screral parallel series of rocks, obliquely over high hills, and through 
the deep valley of Richmond, — the question arises, How is one rea- 
sonably to account for these trains of boulders ? 

As to those which are rounded and in regular lines, and^ as to a 
portion of the angular which lie with them and are near their place 
of origin, it seems evident that they were torn fix)m the hills by the 
ice-mass ; that they were forced along, and most of them smoothed, 
beneath it; and that the variation observed in their trend was 
caused by the change in the direction of the ice-mass adapting itself 
to the face of the country ; on its wasting, they were laid bare in 
onifonn lines as they now appear. As to the angular erratics, par- 
ticularly those which have travelled furthest and are spread over the 
surface more at large, another explanation is needful. As the vast 
ice-sheet which once covered the region gradually wasted, the eleva- 
tions from which these angular rocks were derived would be at last 
laid bare. The ice could no longer pass directly over the top of the 
lulls ; indeed, there is evidence that the mass was parted, moving 
around the north-eastern and southwestern flanks of the several 
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peaks. Of course, under these circumstances, the hill-sideB would 
be closely pressed and rubbed, blocks of slate and limestone detached 
from their places, and borne along at first as lateral moraines, and 
on uniting as medial moraines, on the sunmiit of the ice-sheet The 
ice gradually wasting, there would be changes in the direction of the 
moving mass, determined among other conditions by the character of 
the underlying surface of solid rock, thus causing many variations, 
while on the final dissolution of the ice, the angular erratics would 
be left, as they now occur, more or less dispersed over the surface of 
the typical Drift. 

Substantially the same explanation is applicable to similar phenom- 
ena in other portions of New England, and perhaps in part to a 
track of boulders < in Huntington, Yt. It is about two miles in length, 
some forty or fifty rods wide, with a nearly north-south trend, and 
entirely made up of uncouth angular blocks, strikingly different from 
any known rock in the neighborhood. Hence it is probable tliat 
these are true erratics, and were borne a long way on the back of 
the ice-sheet. And these travellers, like the Richmond boulder- 
trains, belonged to the main glacial mass ; this is clear from their 
direction, seen in connection with the fact that they extend from 
one valley to another, passing obliquely across a steep intervening 
hill. 

Such in brief, is the explanation I would give of these lines of 
boulders, — an explanation suggested by the study of these strange 
remains in the light derived from the researches of Professor Agas- 
siz on the existing glaciers of Switzerland ; an explanation, which 
takes from these instances the exceptional character which has been 
ascribed to them, since it regards them as legitimate concomitants of 
the great winter of the ages ; an explanation which, while it is in 
entire consonance with all the known facts connected with the glacia- 
tion of the country, has the great advantage of requiring no resort to 
an arbitrary and unsupported hypothesis of continental depression. 

During what was the Later Glacial period in New England, mo- 
rainic masses were formed in comparative abundance, and, while 
some of them were no doubt obliterated long ago, not. a few remain 
to tell their quaint and characteristic story. In Vermont, they occur 
in nearly all the principal valleys, and particularly lateral moraines 
along their sides, especially in the more elevated portions. I have 
also observed them in Maine, and, if I do not entirely mistake the 
evidence, occasionally in Massachusetts. Under these circumstances 
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1 am amazed at Professor Dana's denial of their presence, and am 
unable to account for it, unless on the ground that his knowledge 
comes from Geological Reports in which lateral moraines have been 
usually described under other names. Indeed, so abundant are the 
morainic heaps and ridges characteristic of the Local Glacier times, 
tliat I confidently look for a much more extensive recognition of their 
fragmentary remains, in different portions of New England, — under 
one or another of the forms mentioned, — as traces of glacier-action 
come to be better understood, and more careful examinations are 
made. As nicer discrimination is br#ight into play, much will be 
discovered, and found to be attested by actual facts, which was once 
Ignored, and is perhaps now scarcely deemed possible^. 

As to the light which this phase of the subject is calculated to throw 
on the relative duration of the Glacial period, a few sentences should 
be added. Taking the Richmond angular erratics as furnishing an 
item of evidence, — presuming that they extend as far as the longest 
boulder-trains, as I have been credibly informed is the case; remem- 
bcsring that the time of their removal from their native ledges and 
deposition could have been only from the moment the peaks, from 
which they were mainly derived, were laid bare, until the remainder 
of the ice-sheet in the neighborhood was wasted: that they extend at 
least twenty miles ; that the rate of modon of the ice-mass, according 
to Prc^essor Dana, could not have exceeded a mile in a century ; and 
that the movement of the ice was no doubt much more rapid than that 
of the underlying boulders, — I find that at least 2000 years were re- 
quired for the thawing of ice fix>m five to seven hundred feet thick, in 
a given locality. Grant that the thickness of the ice in that place, at 
^lat time, was 600 feet, and that of the ice-sheet in its prime about 
6000 feet, the entire mass must have been ten times as thick ; thus, 
other things being equal, there would be required for its melting, in 
that one neighborhood, some 20,000 years. Again, the wasting, on 
the whole, probably advanced slowly from south to north; on this 
ground another element of time enters into the calculation ; it thus 
necessitates a longer duration for this part of the closing Glacial times 

> Since the aboro was written, Professor Agassiz informs me that he has recently 
discovered, in great number, terminal, lateral and medial moraines in the White 
Mountain region ; that within a space of abont two miles he foond sixteen termi- 
nal moraines; and that many of them are as distinct as any he ever saw in Swit- 
aerland.— See also his paper On the/ormer Existence qf Local Glaciers in the White 
Mommtains. (Proceedings, Am, Ass. Ad. Sciaie; "Vol. xix, pp.101— 167, otAmer- 
feon KaturaUsH, Ibr Oct, 1870.) 
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simply of New England, to say nothing of the addition required, on 
account of the extension of the great ice-sheet far to the north, and 
perhaps much further southward. I would not intimate that this view 
affords any exact measure of the single portion of the Ice period now 
in question, it simply suggests one of the many elements which are 
to help us in our study of their relative duration. If now it be granted, 
as I think it should, that the presumed rate at which the ice-sheet 
moved is perhaps far too great, that its actual movement was possibly 
no more than one'fiflh as rapid ; that, as many suppose, the great ice- 
mass must have been at least 10,000 instead of 6,000 feet thick; that 
thus the closing Glacial period was 35 or 40, or even only 30 thousand 
years in length: that the opening portion was as long as the closing, 
and that the middle equalled, or exceeded both the others, — it is evi- 
dent, after making every necessary deduction, that the Later Glacial 
times, in New England, must have been Qf very considerable duration; 
and that the facts, as adequately explained, are likely to require a far 
greater lapse of time than has been ordinarily admitted or supposed. 

The location of perched rocks may be next considered. This point 
is deserving of attention, both as requiring an explanation, and as 
furnishing another element in the computation of time. We have al- 
ready seen that huge boulders are oflen found perched on the sum- 
mits of isolated hills ; and that, in many such instances, they are in 
far greater number than in other localities of equal area. How came 
they to be in this position, and why do they occur in such profusion? 
Not being able to explain these seeming anomalies by reference to any 
known agency of icebei^, we are to look for another cause. Without 
dismissing the action of ice altogether, I would ask (since it seems to 
have played an important part during this period) whether there be 
any other form, under which it could have led to such an accumula- 
tion and deposition of erratics? 

Most have doubtless noticed, as they have traversed boggy grounds 
in the spring of the year, that the ice thaws soonest in the spots which 
have underlying hummocks. The rays of the sun are attracted to 
these points; indeed, they seem to concentrate their main force in 
such places: the liciit-rays, as transmitted by the transparent medium, 
are absorbed by the dark subjacent mould, and thus a speedy melting 
of the overlying ice ensues. There is accordingly an earlier melting 
in some spots than in others. Let us now suppose the whole country 
covered by a glacial sheet: the hill-tops and mountain peaks would be 
like uprising hummocks beneath the surface of the wintry garment. 
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Now " ice," to quote Professor Agassiz, '* is transparent to heat." ^ Ac- 
cordingly heat would be transmitted to the underlying rocks. These 
becoming warm, the directly overlying ice must waste. Such boulders, 
therefore, as were beneath the melting portion, could not fail to be laid 
bare, while those upon the back of the ice-mass, and immediately 
above the summits were likely, as the thawing took place, to be laid 
down upon them. But more important deposits were to follow. As 
rear portions of the ice-sheet moved forward, they might occasionally 
force along into the open space an underlying rounded boulder. Thus 
advancing, successive parts of the ice-mass would be constantly forced 
upon the edge of the bared summits; each of these parts must in due 
time melt, and drop such far-travelled angular erratics as chanced to 
rest upon them. And this operation was likely to continue, until the 
gradual wasting of the sheet of ice reduced the level of its surface, be- 
neath that of each mountain peak. When the ice contained an erratic, 
as the upper portion of the continental mass must have occasionally 
enclosed a straggler derived from more northern heights, and when it 
was so situated as to be carried directly upon a given height, we see 
thai it might be readily perched in the isolated place in which it is 
now found. By this process, if it were long enough protracted, many 
boulders must at last find themselves collected together, and placed in 
the strange attitude to which reference has been made. Thus erratic 
after erratic would be left permanently fixed, the ice not being able 
again to pass over the summit, and sweep away the accumulated de- 
posits of the many preceding years.^ 

Travelled rocks of this kind are occasionally met with in various 
parts of the country, sometimes isolated, sometimes thrown together 
in great profusion. One of extraordinary size and of vast weight 
may be seen in Whitingham, Vt., on the summit of a hill lying on the 
east of the valley of the Deerfield, and 500 feet above the river. 
This huge boulder was evidently transported across the deep valley, 
and left in its present elevated position by the slowly wasting field of 
ice. There is another of like character on Hoosac Mountain, 1300 
feet above the depression on the west, which it clearly crossed, prob- 
ably borne along on the surface of the great ice-mass or enclosed in 

*See 5yslMe Oladabrt. 

' "Hicm perched boulders/' as Professor Agasslz informs me, "may be seen in 
the Alps in sach proximitj to the present glaciers as to leave no doubt of their 
node of deposition." 
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its upper portion.^ These and many kindred instances, so difficult 
to be explained in any other way consistently with known facts, thus 
seem to be perfectly natural, when looked at in the light slied upon 
them by their supposed connection with a continental ice-sheet, while 
they also bear witness to the probable lapse of time. Bearing in 
mind that such boulders are found huddled together, on some moun« 
tain heights in great numbers, — that they are, for the most part, an- 
gular ; also that there was probably a comparative rarity of these 
travellers on the surface of the main ice-sheet (for usually there 
would have been only here and there a straggler, detached from oc- 
casional elevations lying to the north) and that only one, ont of . 
many, could be borne upon the summits of isolated heights, — ^we are 
led to infer, that the wasting of the glacial mass must have been very 
slow, in order to allow such accumulations of perched erratics to be 
deposited on lofty peaks. 

It is in point next to notice the formaUon of elevated beaches. Hie 
old shore-lines, occasionally met with high up the*sides of mouBtains, 
are perhaps most of all deserving of examination, since inferences 
have been drawn from them, which appear to be by no means war- 
ranted by facts. These c.urious remains occurring at considerable 
heights in different parts of the country, and being clearly beaches, 
it has been supposed that they are ancient sea-beaches, and that the 
ocean once laved these points, — the land having been submerged to a 
great depth. The time of this supposed depression was the latter 
part of the Glacial period or during the times immediately subse- 
quent to it, since the beach-shingle invariably overlies the drift. 

Now it should be observed that no remains, of undoubted marine 
origin, have ever been discovered in connection with these water- 
worn materials, or at corresponding heights in other parts of New 
England *, we thus have no satisfactory evidence that these beaches 
were formed by the action of the Bea. And yet, where an old shore- 
line was discovered at Bipton years ago, it was at once announced, 
and I believe it has been very generally cited since that time, as an 
evidence of oceanic agency. Indeed, so far as I am aware, it has 
been almost universally referred to a marine origin.^ Attracted by 

1 Such as have not time to visit the localities are referred to President Hitchcock's 
Geoloffy qf Vt., Vol. i, pp. 67, 58. 

•This is the view taken by President Hitchcock, and as I suppose by the several 
other members of the late Geological Survey of Vt. ; (see Final Report) by Fn>- 
ftssox Hnngerford, one of Professor Dana's pupils (see Proceedings of the Am. 
Am., for the Advancement of Sci. for 1868, p. 112;) and many other competent 
obaenren. 
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the discovery, I immediately engaged in its investigation. Guided in 
the stndy of the facts by the light which they afford, and by the sug- 
gestion of Professor Agassiz as very inadequately given by Sir 
Charies Lyell,^ I was soon satisfied that this beach should not be thus 
referred, but must be accounted for, if at all adequately, on other 
grounds. 

This so-called marine shore lies on the western slope of the Green 
Mountains, nearly 2200 feet above the existing level of the sea. 
Some miles to the west, there is another height called Hog Back, 
which is several hundred feet lower than Ripton Mountain. Let us 
now suppose the whole region covered by a sheet of ice; that it had 
passed its acm^; that it was already decidedly in its decline. As the 
ice slowly wasted, the summit of Ripton Mountain must finally come 
into view. This process going on, we should expect the underlying 
drift, no less on the western slope than elsewhere, to be to some ex- 
tent laid bare. The detrital material, which in this place contains a 
considerable percentage of clay, was suited to retain water. Thus, 
as the thawing advanced, no break happening to occur in the glacial 
mass, a basin might be formed in the ice. This could have the 
mountain slope as its eastern side, and extending westward be there 
supported by the portion of the ice-mass which rested on Hog Back.* 
A stream, or possibly several glacial rivulets, flowing on the surface 
of the ice firom the north, water would be supplied ; while a beach 
might appear on the mountain side, the drift being washed, its angu- 
lar fi-agments rounded, and all its superficial matter sifted and sorted 
by the glacial lake, as is the case with many an inland shore to-day. 
Thus we should have a beach, not necessarily oceanic, having sand, 
rolled pebbles, and other water- worn materials as its characteristics — 
all these without any marine remains. The ice-sheet wasting very 
sbwly, the icy banks of thb glacial lake, after a considerable lapse 
of time, must disappear. Meanwhile the portion of the shore which 
rested on the slope of underlying drift might naturally remain to tell 
to coming ages its weird and strangely-fascinating story of a lake 
which was once perched* high up on the mountain flank, extending 
out torn its side perhaps for miles, hovering in space that is now mid- 

> FHneipUs of Gtology (Am. Kd., 1865.) p. 87. 

*Profenor Agaasla tells me that there are many such lakes in the Alps, Ijing be- 
tween the glaciers and the rocky walls of the valleys. See also his Systtme Ota- 
daire. For an account of inch lakes during the Ice-period, the curious reader is re- 
toned to the paper by Professor Agassis On the Parallel Boadi qf Olen Boy, 
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air, suspended as it were between heaven and earth, above the region 
in which clouds are sometimes wont to float to-day.^ 

A word is required in respect to the cause assigned by those who 
regard the old elevated beaches as oceanic in their origin, for the en- 
tire absence of marine remains. It is said that, while the region was 
under the ocean, and be it remembered long enough for the forma- 
tion of dbtinctive and well-marked shore-lines, the climate was too 
cold for the existence^ or at least for more than a sparse display of 
organic forms. This reason, which may have seemed valid years ago, 
snrely would not be assigned to-day by a well-informed zoolo^t or 
botanist; for it is now clearly established that even the Arctic seas 
abound in phases of life — not in the same kinds, but still in given 
varieties of life — scarcely less than those within the Tropics. And 
this remark, as should be bom in mind, has a broader reference than 
to the old beaches; it touches an essential defect in the whole icebei^ 
hypothesis. But on this point it is not necessary to dwell, and the 
same must be said in regard to the lapse of time. Indeed, so much 
has been advanced in respect to the elements indicative of duration 
that a single sentence must suffice for this phase of the subject. The 
condition of the old beaches at Ripton, already considered in sufficient 
detail, the amount of sand and pebbles of which it is in part com- 
posed, and the degree in which they have been worn by water, all 
suggest that the supposed glacial lake probably existed for a consid- 
erable length of time. Their comparatively low elevation shows that 
the ice was on the wane and thus indicates how slow must have been 
the wasting of the ice-sheet. Other instances of old shore-lines 
might be given ; but the single one cited must answer. It may serve 
to make plain the mode in which some of the other elevated beaches 
in New England were probably formed, and thus relieve^ us from the 
necessity of supposing a submergence of the region to a depth of 
several thousand feet when it is contradicted by facts, and unauthor- 
ized by any substantial evidence. 

1 1 ought perhaps to add that the so-called old sea-bgaohes were formed at differ- 
ent times : that a few of them, like those at Ripton, belong to the Ice-period 
proper; that some bad their origin in what was the eariypart of the Terrace 
period in New England, while others took thehr rise near its close; and that most * 
of them are to be regarded as terraces and not as beaches. Professor Agassis 
having spent several weeks in the White Mountains since the text was written, in- 
forms me that the " beaches " of the Franoonia Notch, and of the White Moun- 
tain notch are the most recent with which he is acquainted, more recent Uian the 
terraces of the Deerfield valley. 
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We accordingly find in a continental ice-sheet an instrument fully 
able to plane, smooth and striate the rocky floor of the country as it 
now appears, and thus to account for the debris in its manifold forms, 
as almost everywhere encountered in greater or less abundance. The 
various diflferent phases of the subject, which have been just brought 
into view—the manifold facts connected with the underlying rocks, 
with the overlying material, and the incidental phenomena referred 
to, point by point — while they receive little confirmation from the ice- 
berg hypothesis, while some of them utterly fail of an intelligible ex- 
planation in all the light we have been able to get from it, seem per- 
fectly natural on the supposition that they were brought about in 
connection with glacier-agency. In fact they all, so far as appears, 
are in every essential respect just what one may presume they would 
have been, in case the region were at the time covered by an immense 
mass of ice. And the same is substantially true in regard to the rel- 
ative duration of the Glacial period. Evidence is already found, and 
it is constantly accumulating, of a kind and in a way, to show that 
the time was very protracted ; that it was much longer than has been 
usually supposed ; indeed, that it was far more extended than even 
geologists have been generally inclined to believe. 

§ 16. The Dissolution of the Ice-Sheet. 

The time finally came, as we have seen, when the vast mass of ice 
began to melt, especially on its southern limits, and thus steadily to 
recede, so as to occupy only the more northern portions of the coun- 
try. On the whole, however, this recession must have been very 
gradual, and therefore the field of ice a long time in taking its de- 
parture even froxa New England, to say nothing of the whole north- 
em portion of the continent The face of the region suggests that 
there was a comparatively rapid retreat from Long Island to Middle- 
town, Connecticut ; that there a high wall of ice was for a long while 
nearly stationary; that the next retreat was to Mount Holyoke; that 
thence, after a protracted halt in that neighborhood, the front of the 
glacial mass receded to Turner's Falls; that thus by recessions, suc- 
ceeded by delays, it retreated to Brattleboro, to Bellows Falls, to 
Charleston, to Windsor, and so on until it reached the neighborhood 
of the Wliite Mountains, which occasioned a long-protracted rest. 
Thus there were probably stages of progress, and places of repose ; 
in pven instances retreats may have been made by gigantic strides, 
iollowed by delays of great duration ; for in some neighborhoods, no 
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doubt, tlie movement northward was more rapid, in others less so, 
the ice in man^ spots, it may be for long years, seeming to be almost 
at a stand-still. Occasionally, perhaps, it advanced in places for a 
season, only afterward to retreat; again, after a while, it moved for- 
ward, once more in due time to recede, and finally to disappear from 
a given level altogether. Amidst these various changes, of course, 
the wasting border would be very irregular ; owing to such mutations 
in broken regions, it might be extremely rugged and ragged ; very 
similar, most likely, to an uneven and deeply-indented sea-coast, on 
which the ocean is making ceaseless inroads. 

Associated with the steadily advancing waste of the ice-mass are 
two results which claim brief attention in connection with the other 
phenomena of the Glacial period. They should be particularly no- 
ticed since they relate to the deposits specially characteristic of the 
times, and serve to draw a sharp line of distinction between thenu 
The first pertains to the drift connected with the main ice-sheet. The 
ice l>eginning to thaw, the detrital matter, which lay beneath it and 
is now frequently called typical drift, was uncovered on its southern 
limits, and in many places left substantially as we now find it. As 
the melting went on, and the wintry mass retreated, there would be 
more and more Isdd bare, and thus brought to light, the great under- 
lying blanket of heterogeneous and unstratified detritus, which had 
been forming and taking its place all through the great winter of 
ages. It probably prevailed nearly everywhere beneath the main ice- 
mass, and is now found spread in one almost unbroken sheet over the 
country. This properly constitutes the lower or glaciated drift, which. 
1 have described as a sort of disguised moraine. It is a vast morainic 
sheet of glaciated matter, having to a large extent a uniform charac- 
ter all over an immense region, the materials, though of local ori^ 
and thus dififering mineralogically according to localities, yet exhibit- 
ing substantially the same general characteristics, indicative of the 
widely extended action of ice under one all-prevailing set of con- 
ditions. Hence it should be unmistakably clear that Arctic icebergs 
could not have furnished the material of New England typical drift, 
(Ince the latter was for the most part derived from the neighborhoods 
in which it is now found; while bergs of ice from the White Moun- 
tains could not have supplied it, for it is a continuous sheet, having a 
uniform glaciated character, spreading over vast areas lying far to the 
north as w^l as extending to the south of these mountains. So, 
again, on the wasting of the great ice-sheet, whatever of faiaterial it 
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bore upon its back would be laid down upon the inferior drifl as mo- 
rainic deposits. The latter, as pertaining to the main ice-sheet, are 
comparatively limited in this country. They are strictly known as 
moraines proper. From their position they might be called the upper 
drift of the main Ice period. Being mostly composed of angular 
boulders they are often properly termed the angular erratic drift. 

The other ix)int demanding notice relates to the phenomena pro- 
duced by local glaciers. These remnants of the main ice-mass were 
left in most of the elevated depressions, in which thawing would be 
tardy. As the great ice-sheet wasted, many streams of ice must have 
still remained, especially in the high lands, filling isolated valleys, 
taking their form and direction, doing their work and effecting re- 
sults according to the lay of the region in which they prevailed. The 
main ice-mass probably having, as it dissolved, sudden and long re- 
treats, followed by extended pauses, we can at once form somewhat 
of an estimate in regard to these local glaciers. As the dissolution 
went on, the time would come when there would be only such ice- 
streams moving for the most part eastward and westward from the 
Green Mountains, and in all directions from the White Mountains, 
and finally perhaps from the White Mountains alone in New Eng- 
land. Of course these local glaciers would in places erode the un- 
derlying rocks, efface north and south strire made at an earlier time, 
and inscribe instead of them new characters of their own, and bear 
along a mass of detritus which would in many cases have a direction 
at right angles with the great continental sheet of typical drift. On 
the final melting of these isolated ice-streams, the underlying mate- 
rial would be laid bare, in the form of disguised moraines, while the 
material borne on their backs would find its place as terminal, lateral 
and medial moraines, and various other phenomena be brought to 
light, characteristic of the later Glacial times. This view serves to 
explain the east-west and west-east, and other varying striae and 
evidences of smoothing already referred to, also the later drift mate- 
rial which in places overlies the main sheet, and particularly the mo- 
raines, terminal and lateral, — which are made up to a large extent of 
angular firagments from the neighboring heights, and were evidently 
formed, not by the principal mass of ice, but by local glaciers moving 
and sometimes radiating from New England hills and mountains. 
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(U.) THE TBBBACE PEBIOD, 

Which comes next in order, might be called, according to the no- 
menclature of Sir Charles Lyell, the Newer Plistocene period, and 
the deposits made during its continuance, the Upper Plistocene 
formation. The designation adopted, however, is more simple, and 
on the whole, is perhaps freer from objection than any other. It is 
true that terraces belong to different times ; that some, as baa been 
already intimated, were formed shortly after the middle of the main 
Ice-period ; while much of the work, which gives the terraces a 
striking peculiarity in their appearance, was done at a later day. 
Still, as the time now to come under consideration was especially 
characterized by the formation of terraces, it may be styled the Ter- 
race period. Meanwhile it should be distinctly borne in mind that 
this and the preceding period mutually overlap ; that the local gla- 
ciers continue into the New England Terrace period, and were prom- 
inent in it ; that the terraces extend back into the closing part of the 
Ice-period, and from it derive some of their characteristic features ; 
that still, as formations, the drifl proper and the terraces are strik- 
ingly unlike ; and that generally the latter overlie the former. The 
terraces being thus superior to typical drifl it may be remarked tiiat 
they are strictly of two kinds, viz., fresh- water and marine ; as such 
they may be conveniently considered separately. 

§ 1. The Fresh-Water Terraces, 

These generally consist of two parts, (1) of clay and (2) of sand. 
More usually the clay is at the bottom and the sand aboTe; still they 
run into each other, to a considerable extent, as was natural from 
their mode of ^formation. The clay, especially where it has not been 
exposed to the atmosphere, is of a deep blue color, and in many 
localities very remarkable for its tenacity. Many elements, varying 
according to local circumstances, enter into the composition of the 
sands, which are greatly unlike as to degrees of fineness and coarse- 
ness in different places, and even in the lower and upper portions of 
the same beds. Thus these fresh-water beds have a distinctive char- 
acter, and are readily discriminated from the underlying Drifl. If 
we would secure a right understanding of their varying character- 
istics, we mtist notice somewhat more in detail their mode of origin. 

The summer of the ages returning in the northern hemisphere, the 
ice-sheet gradually melting and retreating northward, the wasting of 
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the glacial mass would be accompanied by important results. That 
the thawing of the ice would lay bare what is properly known as 
typical drift has been already seen. But another effect of no less 
consequence requires special attention. From the southern border 
of the wasting ice-fields floods of water must flow, doing a wcA-k, part 
of which still remains to tell its story. While the bared drift was in 
some instances largely lefl; in its actual condition, in others it was to 
a greater or less extent worked over, especially in its superficial por- 
tions, and in those parts known as moraines, by the waters firom the 
wasting ice. The detrital matter, thus subjected to a new process 
and in a measure remodelled, took some one or several of the forms 
under which it is usually known as modified Drift, u «., Drift which 
has undergone changes of a more or less marked character. The 
material of the morainic masses, and of the Drift generally, where 
exposed, for a longer or shorter time, to the action of running water, 
would be sifted. The water itself, issuing from beneath the ice- 
mass, and passing over finely comminuted matter, must be muddy ; 
moving southward, especially if it came to a stand-still in some de- 
pression, it would lay down its burden as a mud-deposit. Having 
taken up the finest material, it no doubt usually deposited, after flow- 
ing to a considerable distance, what is now known as clay. The next 
finest material might not be transported so far, and ordinarily found 
its place as half-stratified beds of sand; the coarser being borne a less 
distance was left in an assorted condition; while ordinarily the 
coarsest of all could be moved only a very little way, and there al- 
lowed to lie in a rough, uncouth state nearly as we now find it. 
Accordingly clay was likely to be carried furthest, and usually to 
occupy the more distant depressions; meanwhile the arenaceous por- 
tion would undergo less transportation; still even this, in connection 
with extraordinary floods, might be borne to remote basins, and de- 
posited above the clays. Thus the waters from the wasting ice, con- 
tinuing to operate for a long while, could not fail to modify the sur^ 
face, and in most valleys and over broad plains to overlay the typical 
Drift with one or several of the manifold forms of Drift as modified, 
to some of which reference has been made. These constitute in large 
part the fresh-water terraces, which usually slope with the streams 
along which they for the most part occur. Such is the rule in regard 
to these beds of stratified or semi-stratified clays and sands. 

But in addition to this view of the subject, which is all important 
to a right understanding of the Terraces, there is another point, 
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which is exceptional and still deserving of attention. Many mate- 
rials were laid down, even in a more regular form than those just 
mentioned, and have been, either with the preceding or by them- 
selves alone, very generally regarded as a marine deposit. A few 
sentences will perhaps make clear the true view of their origin. In 
connection with the wasting of the main ice-sheet, there was the 
occasional leaving behind of great heaps of detrital matter, which 
had been accumulated before the advancing mass of ice. There 
must have been from year to year, or from one series of years to 
another, during the Later Glacial times, alternate advances and re- 
cessions of the ice-field. Connected with the forward movements, a 
vast amount of matter would be in many cases pushed forward and 
heaped up in front of the ice-mass. On its retreat, we should expect 
these heaps to be left in the form of terminal moraines. In the case 
of narrow defiles and gorges, the accumulations of matter must, in 
some cases, have been enormous ; and these would remain afler the 
wasting of the ice, remain even after the ice had made a long stage of 
retreat Under such circumstances, as we see at a glance, these 
piles of heterogeneous material must have occasionally served as 
barriers, as natural dams, checking up the valleys, and forming basins 
for lakes, broad ponds and wide river-areas. Now the waters flow- 
ing, as usual, from the wasting ice in great abundance, were likely to 
fill the new-formed reservoirs. These waters, issuing firom the end 
of the wasting mass, and working over the material in their way, 
were necessarily turbid. Passing on with their burden of conmiinu- 
ted matter, they would deposit, in some places clay, in others sand, 
and these in beds more or less extensive, according to the area of 
the basins. Of course, the waters seeking the lowest depressions, 
must all along in their southward course lay down deposits, but most 
especially where they came to a stand-still. Hence some of the beds 
would naturally have a southern slope; while usually the most dis- 
tant deposits, if made in a basin, would be horizontal and consist 
mainly of clay, this being the finest material, and accordingly most 
readily transported. It is clear that the waters might make such 
depositions to some extent, where only a few obstacles impeded their 
progress, but particularly when they were obstructed by barriers, 
and thus made to cover broad areas. So it is equally evident that 
the barriers wearing away, or being from time to time broken down, 
the waters would have varying levels, and the deposits reach unequal 
heights at different parts of the progress of the work ; at times, also^ 
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blocks of ice, loosened and detached from the end of the wasting 
ice-sheet, would float off, and act in their appropriate way, on a 
greater or less scale, in the form of ice-rafls and limited bergs. 

In this wise, no doubt, a large deposition was made in places, at 
many different points in New England. The deposit consists, as 
may be inferred from what has been said, largely of clay, though in 
yarioos localities it is of sand ; it is also stratified, in some spots very 
evenly, in others irregularly, on which account perhaps most geolo- 
gists have regarded it as marine. This formation, along what is now 
the sea-board, is very readily, (as it has been perhaps by Professor 
Dana in the New Haven region), mistaken for an oceanic deposit. 
A similar mistake has been very generally, if not uniformly, made in 
respect both to the horizontal and the sloping terraces, which occur 
in the Massachusetts, as well as in the more northerly portions of the 
Connecticut River Valley, in portions also of the basin of Lake 
Champlain, and in other parts of the Eastern States. The exami- 
nation which I have been able to give to the Albany clays, and to 
the sands in the same neighborhood, disposes me to consider them 
as largely, if not altogether, of the same age, and of a like origin. 
A somewhat careful study of the terraces in the Connecticut River 
Valley, at various points, and particularly at Brattlcboro and Bel- 
k)ws Falls, has led me to substantially the same conclusion in regard 
to most of them. It should be borne in mind that these deposits 
never contain marine remains^ and that some of them also occur in 
valleys, and cover comparatively broad plateaus, at considerable and 
greatly varying heights above the ocean. The clay beds, for in- 
stance, are found in the basin of Lake Memphremagog, some 775 feet 
above the existing level of the sea. In a word, these beds if I under- 
stand the evidence, are clearly a fresh-water deposit, and should not 
be accounted, as they more usually have been, of marine origin. 

This view gives a somewhat different phase to the matter from 
that presented by Professor Dana, in that he ascribes the main work 
of these times to a kind of action which must have been very subor- 
dinate at the best, and from the fact that he refers a great deal that 
was then done to marine agency. He says, " the region was moulded 
at surface largely by the action of the Connecticut valley glacier and 
its underflowing streams." This statement being a part of the title 
of his paper, is supposed to indicate a grand portion of the work. 
That the region about New Haven " was moulded at surface largely" 
by the great ice-sheet, is no doubt true ; that it was so shaped by a 
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Connecticut valley glacier, as distinguished from the former, is hardly 
the fact Besides, such a comparison is out of place, for it dispoeet 
us to look at the subject from a wrong point of view. So it may be 
surely questioned whether " its underflowing streams " performed so 
important a work as is here ascribed to them. That the waters from 
the wasting ice here and there, in some measure, rounded and 
smoothed any angular stones over which they flowed, is of course 
true. The very word employed, " streams," implies that they were 
limited, affecting a small surface, and that they were not broad ex- 
panses of water covering, moulding and shaping the whole or almost 
the entire surface. While willing to admit that they produced their 
legitimate results in the channels which they occupied, I am con- 
vinced that they worked over and modified the drifts so as to give it 
a stratified form beneath the glacier, only to a very small extent. A 
prominent tendency of a stream under such circumstances, is to 
wear, denude and remove. Of course, it would work over, assort, 
and in places partially arrange such material as lay in its way. It 
might, and no doubt did take up matter in its entire course, espec- 
ially from beneath the end, and from the front of the glacier, and 
bear it to lower levels — to the levels and depressions lying at a dis- 
tance from the melting ice. In them the stratified deposit would be 
laid down as we find it ; sometimes with considerable regularity, and 
often very irregularly, because of the thousand breaks and eddies 
that were sure to occur in such a state of things ; also because of the 
annual freshets, which would carry down large quantities of ice, 
block up the gorges, raise the water to higher levels in the basins, 
and thus cause manifold vicissitudes with all their legitimate ac- 
companiments. 

The view here presented may suggest the true origin and explana- 
tion of some of those irregularities in the stratified beds of sand, 
which are usually regarded as marine, and are often cited as evi- 
dence of varying oceanic currents, of the flux and reflux of the tides, 
of the antagonism that prevailed in estuaries, between the out-flow- 
ing streams of the main land and the in-rushing waves of the ocean. 
While all these kinds of action occur under their appropriate condi- 
tions and relations, and while they produce a great variety of ap- 
parent anomalies, I fail to find any satisfactory evidence that they 
were operative in the formation of the beds in question. Any one 
who has careftiUy watched a great freshet in spring-time ; who has 
observed the setting back of the waters of a river, by the damming 
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up of it« channel with ice ; who has noticed the chants wrought by 
its occasional breaking away of the ice and its subsequent obstruc- 
tion by new barriers ; who has patiently inspected the phenomena 
presented in the slow removal of the ice by thawing; who has 
thongbtfully noticed the successive recessions and advances made in 
these ways by the water for weeks; and who has afterward studied 
the deposits laid down in miniature, under such circumstances, over 
the flats; whoever has taken this course, has witnessed within a 
small compass some of the conditions and modes of action which 
were probably prevalent at a former time on a magnificent scale, and 
has seen the consequent irregularity of deposition, as if in connec- 
tion with the ebb and flow of the tide, which is so characteristic of 
some of the stratified glacial deposits. Will one make a study of 
such fi*eshets, firom year to year, as they occur in many^New Eng- 
land valleys ; indeed, on not a few of the streams all around the 
globe, in the colder portions of the temperate zones ; will he do this 
remembering that, during the waning power of the Ice-period, there 
were probably annual flows of far greater volume, tending thus from 
time to time to elevate and depress the barriers, and prevent a uni- 
form level of the waters ; will he also bring to mind such analogous 
conditions and agencies as naturally suggest themselves to a thought- 
fiil observer, he need have little further trouble with the deposits in 
question. 

If this view be substantially correct, — and whether it be or not, 
any one may satisfy himself, who will closely observe such action in 
a limited way, during a New England spring, — it certainly leads us 
to question much that has been advanced by Professor Dana in re- 
spect to those deposits, which he supposes were laid down in part by 
the ocean sdone, in part simply by the waning ice-mass, and in part 
by the two operating in connection. As a consequence of his sup- 
posed subsidence of the land, he says, " unstratified and stratified 
drifl ** (the latter including the so-called modified drifl, as well as a 
large part of the " alluvium " of river valleys) *' were formed simulta- 
neously, and both in the Champlain era."! The connection, in which 
these words occur, clearly shows that, in the view of the author, the 
ice-sheet was already largely beneath the ocean, and that the results 
named were effected under such a state of things. As before inti- 
mated, there is no proof of any considerable submergence at the 

^Fi9eroited,p.67. 
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time in question. It also seems probable that the sea was still some- 
what depressed from the great previous evaporation ; in other words, 
that the land really stood, relatively to the ocean, certainly as high 
as it does to-day. There is thus little or no evidence to countenance 
the supposition of such a marine deposition. That sediments were 
laid down, at given points, where the war between the ice and the 
ocean occurred, is no doubt true; still, if what has been advanced be 
correct, these certainly had place, for the most part, outside the pres- 
ent dry-land, and somewhere along the outer edge of the existing 
shoals that girt the sea-shore from Labrador to Florida. 

The quotation just made brings to mind what appears to be a mis- 
conception on the part of Professor Dana. He evidently supposes 
that even typical Drift was dpposited, nay more, he says it was 
" formed," in connection with the wasting of the ice-mass. Now it 
was mainly " formed," and took its place, at an earlier time. For the 
most part it was simply laid bare as the ice melted. He also seems 
to imply that the waters of the ocean extended largely under the ice- 
mass, and that as it melted, there went on beneath it various kinds 
of deposition simultaneously. That the sea undermined portions of 
the ice-sheet that lay along what was then its coast, and flowed under 
them, and that it also extended up some of our lowland rivers at a 
given period, is undoubtedly the fact. But the portion which may 
have been thus reached is not a tithe of New England. And that the 
ocean laved more than this, even at a little later time, I fail to find an 
iota of evidence. At just the time in question, the ocean, at least in 
the northern hemisphere, was probably lower than it is now, and did 
its work mostly outside of the present shore-line. Exterior to this 
line there was probably a considerable margin above what was the 
level of the sea, when the ice-mass in New England began to melt. 
Now the &LCts, as I understand them, occurred somewhat in this wise. 
First, and constantly, along the edge of the ice-sheet, as the wasting 
advanced, a confused jumble of matter previously " formed," and 
now known as typical drift, was brought to light. Secondly , beds of 
gravel and coarse material were somewhat assorted and partially 
arranged by the waters from the wasting ice. These waters bore t^e 
finer and more thoroughly comminuted sands usually to a consider- 
able distance to lower levels, on which, thirdly, they laid them down 
in a stratified, or semi-stratified form, the beds usually sloping toward 
the south, though occasionally in all directions, while in some cases 
they were very regular. A fourth class of beds consists of claySy 
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which the waters bore still further, and ordinarily deposited on low 
levels, and at times in basins and depressions which they were made 
to occupy. Thus modified Drift, or the Terrace formation, would 
generally occur as deposits overlying the typical Drift and more or 
less arranged by fresh-water. 

What has been advanced suggests that the supposed action of the 
sea in shaping these deposits, not only in the vicinity of New Haven, 
but over most of New England as well, is perhaps a mere fiction of 
the imagination. To render this more evident, and clear up a sup- 
posed difficulty, a word or two in regard to these deposits in the 
neighborhood of New Haven, may be added. Professor Dana says, 
"in sinking an artesian well ... 120 yards from the harbor, a bed of 
fine clay fourteen feet thick was struck ... 126 feet below mean tide 
level. Above thb clay there were the ordinary sand or gravel de- 
posits of the New Haven region. The clay bed was evidently a mud 
deposit made in the harbor as it existed immediately before the 
deposition of the sand ; and as the sand beds of the New Haven 
plain date from the era following the Glacial, the harbor very prob- 
ably was that of the Glacial era." * These points are given by the 
aathor as evidence of a previous elevation. The bed of clay or mud 
just referred to is a sub-aerial deposit, and must therefore have been 
laid down whei> the place it occupies was above the ocean. The 
typical Drift of the New Haven basin having been already laid b&re 
by the retreat of the ice-sheet, this clay-bed was no doubt the first to 
be deposited upon it, with somewhat of regularity, by the waters 
torn the wasting ice lying a short way to the north. It was a mud- 
deposit — ^perhaps a broad mud-flat — and may have covered most of 
the basin. Remembering now that the surface of the ocean, when 
the ice-mass had retreated no ftirther north than Meriden, was still 
much lower than afterward, say 160 feet beneath its present level, 
we readily see that in connection with the wasting of the ice, such a 
sub-aerial clay deposit would naturally find place in the lowest depres- 
sion. And this could be the case without any elevation of the land. 
So the deposition of the sand which overlies the clay might readily, 
and I have no doubt did actually occur, in connection with the sub- 
sequent wasting of the ice-sheet, there being perhaps occasional 
times of great flow, and slight changes in the direction of the cur- 
rents, of the glacial streams. We may thus conclude, without repeat- 
ing the evidence in this place, that these deposits are just what 

> Paper eited, p. 61. 
FBoonDnies b. b. h. h.~vol. xv. 9 biptembkb, 1872. 
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should be looked for as results of the- wasting ice-sheet — results 
which might legitimately occur, without assuming a previous eleva- 
tion to account for the former, or a subsequent depression in order to 
the latter. 

Similar deposits are found at different levels all the way up the 
Connecticut valley. They usually have a slight inclination toward 
the south, and present just the features one might expect to moQt 
with, in case they were formed by the waters flowing from the 
wasting ice-sheet. Indeed, beds substantially the same in appear- 
ance and structure may be seen in most of the valleys of New Eng- 
land. These, in the majority of cases, slope with the streams ; but 
in some instances, they are horizontal ; thus, with other indications, 
affording evidence that there were at certain points obstructions, 
which gave rise to ponds and lakes, and so to a series of regularly 
stratified deposits at various heights. They are occasionally found 
far up among the mountains. One in Eastern Vermont occupies a 
basin on the Deerfield river, and is at least 1,200 feet above the sea ; 
there is another on a branch of the Deerfield, in Hartwellville, which 
is 1,700 feet above the ocean. This is the highest river terrace with 
which I am acquainted. But there are other terraces, essentially 
the same in structure, which are still more elevated. Among these 
may be mentioned those of Franconia Notch, and of the White 
Mountain Notch, the highest of the latter being about 2500 feet 
above the existing sea-level. Thus there are terraces, between the 
ocean and the last mentioned height, in large numbers, and at 
greatly varying elevations. Scarcely two being at the same level, it 
seems surprising that their formation should have been referred to 
marine agency, especially as that of the highest would require so 
great, and utterly unproved, submergence of the land. Without 
dwelling, however, upon the pointS/of objection which suggest them- 
selves, let me sum up in a word: — above the typical deposit of the 
Ice-period, which covers New England, there is found in manifold 
forms what is known as Modified Drift, consisting (1) of very coarse 
and slightly arranged material — of drift from which the finely com- 
minuted matter ha? been washed — (2) of coarse gravel assorted and 
rudely stratified, pwA (3) of the distinctly stratified clays and sands, 
usually designated as terraces. And all these, with other more or 
lass varying kindred deposits, have just the characters one may pre- 
sume they would have had, if formed, as they undoubtedly were, in 
connection with the wasting of the great ice-sheet. 



Digiti 



ized by Google 



IWa.] 131 IPuny. 

§ 2. The Marine Terraces. 

There are along the seaboard in this region, and in some more in- 
land localities, certain stratified marine deposits, which are very dis- 
tinct from the unmodified subjacent drift. In the basins of Lake 
Champlsun and of the River Saint Lawrence, these beds are pecu- 
liarly well exhibited. . They consist (1) of a fine blue clay, and (2) 
of overlying deposits of brown clays and sands, — ^the sands and clays 
seeming to be interstratified, and together to constitute a single dis- 
tinct formation. These deposits constitute the marine terraces of the 
Newer Flistocene period, named Laiurentian by Desor, and so called 
by many who followed up his investigations, though they are now fre- 
quently designated as Champlain. From the occasional presence in 
them of a little bivalve, the lower beds are often termed the Leda 
clay formation; for a like reason, the superior deposits are well 
known as the Saxicava sands and clays. In the underlying blue 
clay, which contains few organic remains, I have found in Maine, 
Western Vermont, and in Canada, Leda porilandica and Astarte 
laureniina. The evidences of life in the Saxicava beds are far more 
abundant. Mollusks, fish, and mammals are represented. In the 
basins of Lake Champlain and of the St. Lawrence, some twenty 
species of marine shells have been found ; also the remains of seal, 
and of one or two species of whale. 

As has been already intimated, the mountain of ice that spread 
over the country, from six to ten or twelve thousand feet in thick- 
ness, may have occasioned a slight depression of the laud. Again, 
as heretofore hinted, the formation of such a mountain plateau of 
ice must have drawn heavily upon the ocean, and reduced it to a 
very low level. Meanwhile the attraction of this vast and elevated 
continent of massive ice would tend to draw the remaining waters 
of the sea in this direction; still its level, relatively to that of the 
land, was probably, before the ice began to melt, somewhat lower 
than it is to-day. But afterward, as the thawing went forward, the 
ocean must gradually rise, and, the continent for a while keeping its 
old level, cover some parts of the sea-margin which are now dry 
land, also extend up the low level valleys, and fill them with salt or 
brackish waters. Of course, under such circumstances, a deposit 
would be laid down on the portions covered by the sea. This might 
rest occasionally on solid rock, where this chanced to be bare ; oc- 
casionally on typical drift, and in some places on the fresh- water ter- 
races already considered. Such, if I mistake not, is substantially 
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the mode in which the marine terraces were formed. Whether there 
were a previous slight depression of the continent, or not, of course 
the sea relatively to the land must have been somewhat higher than 
it is to-day, in order to deposit these strata. 

Now, according to Prof. Dana, there was a very extensive subsi- 
dence embracing '*a large part of the continent." ^ On what stable 
ground such a statement can be made to rest, I have up to this time 
failed to discover. So far as trustworthy evidence goes, this depres- 
sion, if there were any, was very small in southern New England. 
In Brooklyn, on Long Island, a few sea-shells have been found in 
beds belonging to this period, some thirty feet above the ocean. In 
Boston and its vicinity, similar marine remains occur in this deposit 
They attest that the sea, relatively to the land, was formerly some- 
where between 50 and 100 or 125 feet higher than it is to-day. 
Diligent search, renewed at intervals through a long series of years, 
has failed to reveal to me any satisfactory proof of the presence of 
the ocean, during the terrace period, either in the Mass., or in the 
Vt. and N. H. portions of the Connecticut Biver valley. The same 
is true, so far as my examination has extended or I have been able to 
learn, of the North Biver basin above New York. In Maine, at 
Portland, and in other parts of the State, along the seaboard, also at 
Lewiston and in several other places a short distance inland, there is 
positive evidence of a relative change of level. It must have been, 
in given localities, about 200 feet. I have found marine remains 
peculiar to the period, in north-western Vermont, at a height of 
480 feet. Similar remains occur on Montreal Mountain, about 460 
feet above the ocean. It is said that, very far to the north, though 
on the border of the sea, there is evidence that the relative change 
of level has been much greater. Meanwhile a carefid examination 
of Geological Beports, and an attentive scrutiny of the superficial 
deposits, at a great number of points between Eastern Canada and 
Minnesota, have failed to afford me any evidence of recent marine 
remains to the west of the meridian of Oswego, N. Y. Such is sub- 
stantially what is known of the matter in all this r^ion; indeed, I 
am aware of little additional evidence of relative change of level, or 
of what some regard as a continental depression. , 

It thus appears that a small part of New England, with a very lim- 
ited portion of Northern New York and of Canada, were slightly be- 

^ Paper cited, p. 66. 
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neath the sea, during more or less of the Newer Plistocene times. 
Bey cud what has heen given, little additional proof of a satisfactory 
character has been found, either as to the superficial extent of this 
relative change of level, or as to its vertical amount. The degree of 
this change seems to have been greatest toward the east and the 
north-east. Whether there were a uniform increase in that direction 
is doubtAil ; exact known evidence of such increase has been, up to 
this time, evidently wanting. The utter failure to find recent marine 
remains at a distance from the sea, in Southern New £ngland and 
New York, for instance in the valleys of the Hudson and of the Con- 
necticut, while they occur in great abundance in the portions of the 
country certainly known to have been invaded by the sea, as the 
basins of the River St. Lawrence and of Lake Champlain,^ is at 
least presumptive evidence against such a supposition. Now the only 
safe ground on which one can advocate a subsidence is that afforded 
by positive evidence of the presence of the sea. And of this .there 
is none, beyond what has been virtually given. On what basis, then, 
has the supposition of so broad a submergence really rested ? First, 
on the false presumption, that what is really true of one thing is nec- 
essarily true of another, which has some resemblance. Marine re- 
mains having been actually found in certain stratified beds of clay 
and sand, all other beds of about the same age which seem, and in 
points are, somewhat similar, have been regarded, without proof and 
in spite of evidence to the contrary, as of marine origin. Another 
consideration has perhaps exerted an unconscious influence in the 
production of this result. I refer to the necessity of getting rid of 
unauthorized hypotheses, after they have served the temporary pur- 
pose for which they are devised, lest they prove an incumbrance. 
Thus, in the present case ; after the assumption of a continental ele- 
vation, with the view of accounting for one class of facts, — after the 
land has been lifted up in imagination, as it has been by so many 
geologists, — it was necessary to suppose a continental depression ; the 
continent must be got down again, in order to the explanation of 
another set of facts, and in order that it may be brought into the 
position in which we now find it. 

^Asaneyidenoeof the extraordlnaiy prevalenoe of Plistooene marine remains 
in the valley of Lake Champlain, I may add that I have found them in every Ver^ 
mont township bordering this body of water, between Orwell and the Canada 
line; also at an almost equal number of localities on the western shore, between 
Ticonderoga and Rouse's Point; likewise, and sometimes in great proftision, on very 
many of the islands that stud the surfluse of this eharming lake. 
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According to Professor Dana, this subsidence which closed the 
** Glacial era " was the initiatory event of the next or Champlain 
era;i in other words it was a preparation for the Terrace period, the 
marine part of which is now under consideration, — a preparation for 
the laying down of beds which are sometimes called Newer Plisto- 
cene. That there should have been a slight sinking of the land, re- 
sulting from the weight of the ice, and thus perhaps a banning of 
depression before the close of the Glacial period, is not unreasonable 
to suppose; and it may have occurred; still I find no positive evi- 
dence that such was the fact. In case a submergence were really 
initiated, the downward movement must have been slight in the 
Glacial period, while it would no doubt cease with it. That the drifl 
was to a great extent established as we now find it, and that thus the 
ice had already melted above such portions of it as are now covered 
by marine strata, before their deposition, seems probable ^ from the 
general relations of the beds. So far as I can judge, after an atten- 
tive study of the matter in neighborhoods containing unmodified 
drift and marine deposits, the latter overlie the former without any 
intermixture. There is a strong line of demarcation between them; 
there are also various indications that, in given localities, the earlier 
work was ended before the later was begun; that the main mass of 
drift occupied substantially its existing position, before the waters of 
the ocean came in and began a distinct deposition of stratified mate- 
rial. Exceptions along the seaboard are not denied; there may have 
been many such; I only claim that cases of this sort should be re- 
garded, as they really are, as exceptional, and not as constituting 
the rule. 

But there are other localities in which sedimentary marine depos- 
its of clay and sand rest, not directly on typical drift, but on other 
stratified beds which not only contain no marine remains, but lie next 
above the drift proper. Now what is the age of these interlopers — 
of these intermediate strata — which are as clearly above the unmodi- 
fied drift, as they are beneath the unmistakable marine deposits? In 

1 Paper cited, p. 66. 

* Professor Agassiz, in a recent oonyersatlon, snggeeted the following view of the 
matter;^" The ice-sheet may have receded to the present outlines of the con- 
tinent, and been nndennined by the ocean to the extent of the theoretical depres- 
sion. The glaciatlon of cUl our shore islands shows how much beyond the present 
outlines of the continent the ice once existed. And the Arctic explorers hare 
made us familiar with the great amount of animal lli^ that animates the sea below 
the heavy ice-coyering stretching oyer its snrlluse." 
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parts at least, they are, as already intimated, terraces of fresh- water 
origin. They consist sometimes of clay, sometimes of sand, while 
occasionally there is a blending of the two ; their stratification, al- 
though irregular in places, is generally distinct, and they were doubt- 
less laid down by the waters which flowed from the wasting ice-sheet 
The places they occupy were usually low plains, though in some 
cases they were the basins of ponds and lakes, which must have been 
very abundant during the later Glacial times; while often they were 
simply mud-flats and sand-flats, clay and sand being deposited in 
difi^erent parts according to the varying conditions prevalent in the 
neighborhood. Directly below them unmodified drift may be usually 
found ; immediately above these fresh-water terrace beds there 
occur in some localities the marine deposits of the terrace period. 
Thus, of course, where clay rests upon clay, or sand upon sand, and 
there are no other indications, it is difiicult to discriminate between 
them. But in many cases each set exists by itself, the one in places 
holding marine remains, and the other never, and so situated that 
there need be no reasonable question as to their respective modes of 
origin. This point having been worked out by patient observation in 
favorable localities, it has been my aim, so far as I have had oppor- 
tunity and leisure for the work in new neighborhoods, to seek for the 
means of discrimination between these intermediate beds, which at 
first sight often seem to be identical, or at least of substantially the 
same age. In this direction an important task of discrimination still 
remains to be prosecuted in many parts of New England, upon the 
superficial stratified deposits lying between the level of the ocean 
and five hundred feet above it, and specially upon such as occur along 
the seaboard. 

In the light of what has been advanced, I venture to suggest that 
many stratified deposits which have been regarded as oceanic are 
fi!«sh water beds of the Terrace period, while these are here and 
there overlaid by true marine strata characteristic of the later por- 
tion of the same times. Thus, not a few beds which Prof. Dana 
calls Champlain (marine) are no doubt of fresh water origin, and 
were deposited toward the end of the Drift, or in the early part of 
the Terrace period. This is the case in various different sections 
of New England, and perhaps more particularly in the New Haven 
region. In the superficial formations occurring in and about the lat- 
ter place, as Prof. Dana admits, no marine remains have been found. ^ 

» Paper cited, p. 87. 
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In addition to these older beds there are possibly others lying in 
patches, in the same neighborhoods, which are of marine origin. Still, 
without special and probably long-continned examination of these 
deposits, it would be plainly out of the question to indicate just how 
much of them is due to fresh water agency, and how much, if any, to 
oceanic. So long as there is no positive evidence the presumption is 
that they are not marine. Substantially true is the same in regard to 
the stratified superficial deposits along the coast of Massachusetts, 
New Hampshire and Maine. In fact, on the sea board generally it is 
often exceedingly difficult, in some cases perhaps utterly impossible, 
if no organic remains be found, to draw the line of demarcation be- 
tween these beds. Thus, as should be evident, the respective ch»^ 
acters of these strata cannot be determined when they are simply 
looked at theoretically ; they will by no means yield up all their se- 
crets, if they be merely lumped off in mass. Because one is sure of 
the origin and use of certain layers, for instance in Maine, he having 
studied them critically, as they are seen in place, it does not follow 
of course that he knows the exact age and character of others in 
Massachusetts, Rhode Island, or Connecticut, simply because they 
happen to be Post-Tertiary and stratified. The several deposits in 
different localities can be known, only as there is close and accurate 
observation of each of them, in their respective places of occurrence. 
In the basins of Lake Champlain and of the River St. Lawrence, in 
Southern Maine and in Eastern Massachusetts, both kinds of beds 
occur. In some cases their discrimination is easy; while in others it 
is very perplexing to attempt, if it be not entirely beyond one's 
pK>wer, to determine with certainty to which series a given deposit be- 
longs. 

As to the length of the Newer Plistocene times a few hints should 
be given. The fresh water terraces, which in some localities are of 
considerable thickness, must have been a long time in forming. But 
how far these are synchronous with the marine, and how far the lat- 
ter are posterior to the former, it has been impossible thus far to de- 
termine with accuracy. And as respects the two sections of the 
marine deposits there is still not a little doubt. The Leda clay has 
been usually regarded as a deep sea formation, since it holds pelagic 
specimens in small number. While Foraminifera, (to take what are 
considered as*the most conclusive indications in this direction,) are 
characteristic of deep waters as a rule, they are yet occasionally 
found in those which are comparatively shallow, as, for instance, in 
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Coston Harbor to-day. I am accordingly disposed to recognize the 
blue clay in this instance, at least until further evidence is found, as a 
deposit made in water by no means deep, the localities containing the 
Bo-called pelagic remains being simply an arm of the sea. Thus, 
while an elevation followed by a depression is perhaps conceivable, 
furnishing another considerable element of time, I am indisposM to 
accept it without more satisfactory proof. 

With the Saxicava clays and sands the case is somewhat different, 
or, at least, there need be no special doubt in regard to the main 
points connected with their deposition. They probably took their 
places when the region was nearly at a stand-still, or, it may be, in 
connection with a stand-still at a little lower level and a gradual ele- 
vation which followed. The thickness of the beds shows that the 
period of their formation must have been of considerable length. 
But the estimate of its duration must be greatly enhanced by the fact 
that the beds contain littoral shells in great profusion, and that those 
holding such organic remains were accordingly laid down within 
the sweep of the tide. One of these beds, which occurs in 
Swanton, Vt., at about 120 feet above the ocean, is some eighteen 
feet in thickness, and composed almost entirely of shells belonging to 
mollusks which live only along the shore. It therefore must have 
been a very long time in forming, for the shells are mostly perfect, 
while there are many indications that the animals lived and laid 
down their calcareous coverings where they are now found, slowly 
building up the shore for countless generations, as it stood still while 
the waters rose above it, and afterward as they retired, perhaps itself 
rose insensibly from beneath the sea. But this is only one instance, 
and at a given level. There are many similar cases at greatly varj-ing 
heights through a range of some four hundred and sixty feet, at each 
one of which the land was long enough at a stand-still, for more or less 
extensive beds of littoral shells to be laid down. Now, making the 
shortest reasonable estimate of the time occupied in the deposition of 
the Leda clay, — remembering that the Saxicava beds are a shore de- 
posit, — that thus two of these beds at different heights could not have 
been ordinarily formed at the same time, — that such beds in great num- 
bers were deposited, one after another, in long succession between the 
existing sea level and the height of some four hundred and sixty feet, — 
and that there are beneath these marine terraces other deposits of a 
fresh water origin, which must have been a long time in forming,— 
we can scarcely escape the conviction that the Upper Plistocene beds 
afford elements indicative of a vast lapse of time. 
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y. THE HOLOCBNE TIMES. 

This name, of course, indicates that all the fossil moUusks (not 
Vertebrata) found in the deposits which were laid down during 
their continuance belong to recent species. As the term Plistocene 
(or Newer Pliocene) has been for the most part restricted to the 
Drift, and the stratified beds of clay and sand which overlie it, (for it 
is 80 employed by Sir Charles Lyell,) it may be here added that Holo- 
cene as here used answers very nearly to the "Post-Pliocene" of the 
same author, and thus extends to the beginning of recent times, as 
" Post-Pliocene " is made to do by its proposer. These times an- 
swering to certain beds of marl and peat, and representing them, 
may be conveniently divided into two parts, and considered in their 
natural order of succession. 

§ 1. The Marl Period. 

This is equivalent to what might be called the Older Holocene 
times, and is characterized, as its name suggests, by the extensive 
deposits of marl, which were largely made during its continuance. 
While the formation is in marked contrast with both typical and 
modified Drift, the period itself is not sharply separated from the 
preceding, as we should by no means expect it would be. These 
marl beds owe their origin to large accumulations of shells made in 
the firesh-water ponds which abounded during this period. So soo^ 
and so fast as the land was freed from its ice -covering, such ponds 
ahnost everywhere came into existence. The disguised moraine, 
which had been concealed by the great ice-sheet, being laid bare, a 
very uneven surface must have come into view. This answered to 
the bottom of the glacial mass, which no doubt was very uneven be- 
cause of the rough, hilly nature of the region over which it moved. 
Now this bottom moraine consisting largely of clay, in which peb- 
bles and sand were indiscriminately mingled, was generally well 
suited to retain moisture. Accordingly water would accumidate in 
these depressions (in fact, in all depressions fitted to hold it, whether 
they were more or less due to the erosion of the underlying rocks) 
from the moisture in the atmosphere and the continued melting of 
ice still lying further to the north. Such basins as were calculated 
to retain the water which flowed into them, might be filled, and 
hence there would be ponds and lakes. These overflowing, and the 
water taking its natural course, outlets must have been formed, and 
channels gradually chosen and worn. These would become the beds 
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of rivers, flowing upon typical drift, and occasionally la3ring down 
terraces along tiieir course, whicb were in most instances cut through 
in due time by the streams that formed them. In this way, no 
doubt, many ponds and lakes came into existence. And their great 
prevalence must have been a striking feature of the region, at the 
time in question. They probably originated in great abundance, on 
the wasting of the ice-mass, and were associated with the deposition 
of terraces ; and they evidently continued into the period now under 
consideration, and became one of its marked characteristics. They 
would be very likely to appear in the depressions of the drift, espec- 
ially when deposits of clay were first laid down as a lining fitted to 
form an impervious bottom. 

It is not probable that animals peculiar to the time at once made 
dieir appearance. Some preparation was needful. The ponds 
which had been in existence during the terrace period and continued 
on into the one following, if inhabited while the cold was still con- 
siderable, would be suited to difierent forms of life, as a temperate 
climate began to prevail. At last, however, as the record tells us, 
creatures came which were of a kind adapted to the changed condi- 
tions, and prepared to bear their part in the work of the period. 
Thus appearing in due time upon the stage of action, they finally 
swarmed in all the ponds and lakes of New England. And they 
have left an evidence of their existence in the individual structures 
they reared — structures which were at once their houses, and a 
genuine portion of themselves, — and in the extensive deposit which 
was largely formed of them. Reference is made to the fresh-water 
moUusks, the testaceous remains of which are now found in the beds 
that were once filled with water, and tenanted by these living crea- 
tures. These mollusks belong principally to the genera, Cyclas, 
Lymniea, Paludina, Physa, Planorbis and Pupa ; while the marl beds, 
which are made up of their calcareous coverings, are from a few 
inches to eighteen feet in thickness. 

As marl was perhaps the predominant deposit of the time now 
under consideration ; as it prevails more or less extensively, in places, 
over nearly all New England ; as it was laid down not only above 
the Drift but also above the Newer PUstocene beds, in many locali- 
ties in which these occur ; as it is thus a marked feature of the older 
Holocene portion of the Post-Tertiary era, it may be perhaps with 
propriety termed the Marl period ; for marl is the most abundant 
and characteristic formation now known as a product of those times. 
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Although such remains continued to be laid down at a later day,— 
though they find place in limited quantities even in the present, — 
their deposition has been comparatiyely small ever since the Marl 
period proper came to a close. At about this time, lakes and ponds 
in great numbers were undergoing a change. They had come to be 
to a considerable extent filled ; while bogs and morasses, in a large 
measure, took their places. Accordingly there is a more recent de- 
posit, which we find in many places, lying above the marl beds. The 
instances exceptional to this statement are so few as to be scarcely 
deserving of notice, unless it be for their rarity, and the light they 
are calculated to throw on a predominant process of an earlier day. 
We thus see that the way was gradually prepared for a change in 
the prevailing order of things. 

§ 2. The Peat Period. 

Answering to this dedgnation is what might be termed the Newer 
Holocene. The ponds and small lakes, which at an earlier day evi- 
dently prevailed in great numbers, having been gradually filled, the 
life with which they had swarmed would cease to be predominant in 
them, since the requisite conditions were wanting to its ^pport, in 
its pristine exuberance and vigor. This change we should not ex- 
pect to occur everywhere, at precisely the same point of time ; while, 
in some cases, ponds and lakes would remain to a considerable extent 
unfilled. Thus, in bolated instances, the conditions might not be 
materially different firom what they had been, and fresh-water mol- 
lusks no doubt continued to flourish in restricted areas. On the 
whole, however, there is evidence of such a change as has been re- 
ferred to. Afler its occurrence, and in connection with it, morasses, 
swamps and bogs came to prevail very extensively, and with them 
the manifold growths peculiar to such a state of things. These were 
various species of sphagnum and several other kinds of swamp 
mosses and plants. There would accordingly be lud down, as time 
passed on, large quantities of vegetable matter — broad and thick 
accumulations of bog-mosses that grew, and from generation to gen- 
eration took their places as deposits — which are now known as peat- 
beds. These, in many cases, cover extensive areas; ordinarily they 
are more remarkable for their frequency, than for their superficial 
extent; while they usually vary in thickness from a few inches to 
some twenty-five or thirty feet; they are known in rare instances to 
reach sixty feet. Thus the growth must have been exuberant. Feati 
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oonsequently, being the predominant deposit made in New England 
daring this portion of the Fost-Tertiary era, the time may be con- 
reniently and with fitness designated as the Peat period. 

Ordinarily orerlying portions of these vegetable beds, and in mosl 
inst^ces overlaid by the superior layers of the same series, there ia 
another deposit which is met with in given localities. It occurs ex- 
tensively in New England, especially in some parts of Eastern Ver- 
mont, and particularly in Peacham. Although this deposit is usu^ 
ally spoken of in connection with the marl-beds, and while I am not 
aware that it has been referred to an exact horizon, I am disposed, 
in view of its apparent position, to regard it as belonging to the 
period now under consideration. The beds are largely composed of 
silex in minute particles, and are from one or two to five or six feet 
in thickness. For the most part, the material was derived from the 
silicious shields of certain microscopic animals known as infusoria. 
This deposit being formed gradually, and almost entirely of tlie 
flinty bucklers of these animalculsB ; as they from generation to gen- 
eration passed off the stage of existence, and a single cubic inch, 
according to Professor Bailey, containing the remains of some 15,- 
000,000,000 individuals, we see that this kind of life was necessa- 
rily very active during the period of its continuance, and that it must 
have lasted for a considerable length of time, in order to the deposi- 
tion of such masses of silicious earth. 

It is usually in the peat-beds, and oflen at the bottom of them, 
that the remains of the mammoth or fossil elephant have been met 
with in different parts of the country. They have been found so far 
north as Vermont, and even in several portions of Canada. On this 
account, the time might be properly designated as the mammoth 
period, several species having been peculiarly abundant during its 
continuance, if one may judge from the fossil remains that have come 
to light. 

A few words must suffice as to the duration of the Holocene times. 
The length of the marl period, or of the Older Holocene, must have 
been considerable, if merely the marl deposits be taken as the basis 
of computation. Prof. C. B. Adams, referring to the time probably 
occupied in the formation of a marl bed in Monkton, Vt, which is 
about ten feet in depth, and saying, '< a long series of years is required 
to furnish shells sufficient for a single layer," adds: ** twenty thou- 
sand years is a very moderate estimate," and the time '*is more likely 
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to liaye exceeded this many fold/'^ So the Peat period, which 
brings into view the sphagnous moss deposits, as well as those of 
infusorial silica, could not have been of short duration. Taking not the 
thickest beds as the standard, but one of tweWe and one half feet, and 
allowing that there was each century an average deposition of h|^an 
inch of compacted matter, we have thirty thousand years as the dura- 
tion of the time. Accordingly, if we remember that marl of the Older 
Holocene period is found some eighteen feet thick, and that there are 
Newer Holocene beds of peat from twenty-five or thirty to fifty and 
sixty feet in thickness, exclusive of the infusorial deposits, we see, 
after making all necessary deductions, that the Holocene times, in- 
stead of being a mere cipher, represent a work, or rather a series of 
works, which could have been accomplished only by processes not a 
little protracted. As a moderate estimate, therefore, the two periods 
may be regarded as fifty thousand years in length. 

VI. THB RECENT TIMES. 

The growth of swamp-mosses so characteristic of the Newer Holo-, 
cene period in New England, did not entirely cease with its close. 
Both this and the deposition of marl have been continued to the 
present, only on a far more limited scale. Species of sphagnum and 
of affiliated plants had flourished and taken their places as deposits, 
to such an extent that the majority of the marshes, bogs and swamps 
were in a large measure filled with their remains. Thus these 
growths and their consequent deposition no longer played so impor- 
tant a part in this region as they had at an earlier day. Most of the 
depressions having reached a given level, the predominant conditions 
were no longer favorable to sphagnum ; other and larger vegetable 
growths intervened, in the end gigantic trees and huge forests stood 
where once water plants alone, or for the most part, prevailed. 

And these did their work, and thoy have continued to do it, even 
up to the present hour. By alternate growths and decays, or rather 
by a long succession of these natural processes, many depressions 
have come to be more elevated. This operation no doubt went on, 
so that in not a few instances, even in places which once were ponds, 
and afterwards marshes, many successive generations of deciduous 
trees made their appearance and passed away before the time was 
reached of which we have any distinct tradition. The sea had long 
before retired ; for the most, part the marl beds had been finished in 

> Second Ammal Bqx»rt on the Otology <^ Ft. (1846,) p. U^ 
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a remote past ; peat had been deposited in great abundance in many^ 
portions of the country ; the mammoth, so far as we know, no longer 
roamed the forests ; while new animals had been introduced, the 
same perhaps that prevailed in the region, and were found in it to a 
great extent, when it was first yisited by Europeans. 

Just when human beings were introduced we know not. That 
they actually appeared, and were here at an early day, is evident be- 
yond a question. Of the existence of " aboriginal man " in Connec- 
ticat Prof. Dana finds proof in the shell heaps, which occur at various 
pomts along the shore. These remains, as he says, " often lie di- 
rectly upon the brown or yellow sand or gravel of the drift formation, 
evincing that the Indian inhabited the plains before the alluvium had 
been covered with, or converted at top into, soil. . . . They carry 
back the appearance of man in the region to the commencement of 
the Terrace" ^ period. Let us look at these words that we may see 
just what they legitimately imply. The " gravel of the drift forma- 
tion," on which these shell heaps are occasionally found, needs no 
further comment. Substantially the same is true of the accompany- 
ing "brown or yellow sand"; it is sometimes known as modified drift;, 
and is usually a terrace formation, in the restricted sense of the word 
" terrace. " In the vicinity of New Haven these deposits were ah*eady 
m place at the close of the Ice, or in the eady part of the Terrace, 
period. No valid proof has been as yet discovered that any marine 
terraces were laid down in the New Haven region. Thus, so far as 
satisfactory evidence goes, the shell heaps appear to rest, for the 
most part, if not altogether, on deposits of the closing ice, or of the 
earlier terrace times. But more than this ; they lie directly upon 
them ; they were placed where they are found, before the surface of 
the modified Drift had been converted into soU — before vegetation 
had to any great extent, or for a very long while, clothed the land 
afler the Glacial period. Accordingly, there being no evidence that 
the New Haven region was submerged, none that it was not above 
the ocean at the very opening of the Terrace period, we see that these 
traces of man may, and, so far as wc can judge from their position, 
actually do reach back almost to its beginning. 

But how long ago was that ? I answer, I do not know. Still if 
any one be curious to examine the evidence, which has a bearing on 
Uie question, I would refer him in part to the elements already sug- 
gested, and from point to point hinted at, in this paper. These may 
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be briefly recapitulated, for it is not needful now to take them up in 
detail. Recalling the time requisite for the depositions made in the 
Newer Plistocene times ; the work done in the two stages of the 
Holocene, tIz. : that accomplished in the Marl period and that in the 
Peat period; also what has been efiected since the recent times have 
come in ; we are enabled, After making such allowances and exclu- 
sions, as a reasonable view of the facts may dictate, to form some es- 
timate of the relative length of the era which has been in progress, 
since vegetation made its appearance on the brown terrace sands of 
the New Haven region, soon after no doubt to be followed by man. 
Simply allowing twenty-five thousand years for the Marl period, 
and the same length of time for the Peat period, we have fifty thou- 
sand years, — all this duration, while taking account neither of the Ke- 
cent nor of the Terrace period, which was probably not a little ex- 
tended. There is much other proof, and some perhaps of a far 
more striking character, furnished by different sections of the counr 
try. I have, however, preferred to confine myself to some of the 
more salient points of evidence furnished by this region. And I 
have been the more disposed here and there to gather up a hint in 
this direction, since Professor Dana seems largely to ignore the mat- 
ter, as if he would have it inferred that all that has taken place 
during the Post-Glacial times could be readily compressed into a few 
thousand years. In saying this, I would not insist that an immeas- 
urably long time has necessarily elapsed ; one needs to guard equally 
against both extremes ; or rather, it is better not to be over-anxious, 
as to whether the time has been long or short, but mainly desirous to 
read the facts as they are, and thus to get at the truth. 

One word more on this point and I have done with it for the pres- 
ent. Prof. Dana in substance asserts in the extract last made, that 
the shell-heaps evince that the Indian inhabited the plains before 
the land was covered with soil. If by Indian he mean the Bed Man, 
whose home was in New England, when North America was discov- 
ered and from time to time visited by Northmen, and afterward re- 
discovered by Columbus, many no doubt would question his state- 
ment. Does he, however, use the term loosely and in a general way, 
as synonymous with the expression " aboriginal man," employed by 
him on the preceding page,* no question need be raised. It now 
seems probable, if not clear beyond a doubt, that the Red Men were 
not here in the Terrace, or the Holocene period, and that thus we 
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are not able to trace their lineage back to a time so very " old and 
hoary "; that, while there were Aborigines in the land long, long ago, 
the poor Indian was only their remote successor. The shell-heaps, 
the various mounds, the arrow-heads, the stone-hatchets, the earthen 
ware, the utensils used in netting and weaving, with the many other 
implements indicative of human agency, clearly show that not merely 
a race of Indians once occupied New England, but also that human 
beings preceded them, certainly one race, possibly several, some of 
whom were more elevated and refined than the well-known Red 
Men of the forest, who are often spoken of, if not as indigenous to 
the soil, as at least the first inhabitants of the country. 

The survey now made of some of the ground occupied by Prof. 
Dana suggests a few closing impressions. 

For these the way is in a measure prepared, since there have been 
passed in review many of the more prominent points comprised in 
the Post-Tertiary History of New England, as exhibited both in the 
field-book of her hills and valleys, and in the paper under examina- 
tion. Details have been also given with as rni^h fulness as the pre- 
scribed limits of this essay have allowed. Meanwhile such explana- 
tions have been thrown in as have been suggested, either by previous 
studies, or by the present examination of some of the more charac- 
teristic facts. Thus inferences naturally flow from the various 
enquiries that have been in progress. 

In the first place, Prof. Dana's views of the Post-Tertiary era in 
New England seem to be in a considerable measure partial and in- 
adequate. In the opening paragraph of this paper, reference was 
made to the favorable opportunities he has enjoyed for the geological 
study of the vicinity of New Haven. In examining his contribution, 
I have found repeated evidences of his careful observation of given 
series of facts. Meanwhile there are other points — additional con- 
siderations of no less moment — to be borne in mind. Although the 
minute study of a given neighborhood be of the utmost importance 
as one. element toward the right apprehension of geological phenom- 
ena, it still should be remembered that this is only one of the many 
elements needful to- a complete view ; that it by no means necessa- 
rily brings to light the whole truth ; that by itself alone it almost un- 
avoidably leaves the student in partial darkness, and so with a dis- 
torted understanding of nature. Thus, it is not enough to study a 
single locality and merely explain it according to some " book- 
theory," no matter how profound, how able or learned in other re- 
spects its author may be. So it will not always do for one to inter- 
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pret the features of all, or even of any other localities, by what he 
may happen to know of some limited vale. Indeed, many peculiari* 
ties of each well-trodden district can be in most instances better ex- 
plained in the light which comes from the careful investigation of 
more perfect examples furnished by some other neighborhood, or of 
various classic fields combined. This must be clear, since no single 
area can be ordinarily expected to supply type-characteristics of all 
that we may wish to study within its bounds, or even of the manifold 
peculiarities which it is desirable to investigate, in any given line of 
research. These thoughts are suggested by what appears to be a 
fact in regard to some of the generalizations in the paper under re- 
view. The question naturally arises whether the author has not in- 
terpreted the glacial features of his own vicinity mainly according to 
what he has found in *^ the books ; " whether, again, he does not to a 
considerable extent describe the country at large in the light in 
which he thus sees "the New Haven region"; and whether he 
might not understand even New Haven and its environs very differ- 
ently, if he were carefully to study many other portions of New 
England, in which some features of the Post-Tertiary times have a 
better exhibition than in any seashore neighborhood ; while they are 
comparatively free from certain obscurities and perplexities, which 
the vicinity of the ocean makes doubly uncertain. 

Again, Prof. Dana's views of the Post-Tertiary era in New Eng- 
land seem to be in many points erroneous, and thus misleading. On 
such a subject as Geology no one, it is true, can know everything 
from personal observation. This needs ever to be borne in mind ; 
at the same time what is not understood with certainty ought not to 
be published as trustworthy. Now the question may be raised 
whether the writer of the pamphlet under consideration has not 
erred in the direction suggested; whether much that he has ex- 
pounded be not at least questionable ; whether many of his positions 
be not clearly erroneous. Let me cite an instance. In teaching that 
glaciers, breaking, take up into themselves, and become engorged 
with, the detrital matter that is abraded from the underlying rocks, 
does he not misapprehend the nature of such ice-masses ? and does 
not this single misconception lead to others, such as, (to mention one 
only,) that drifl is not deposited until the glacial mass in melting dis- 
gorges the detrital matter it had before engorged? But enough; 
this example must plainly show that some of the Professor's state- 
ments are erroneous, and that some embody but partially the whole 
truth. He theorizes with all boldness, and he utters his theories of- 
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ten mth apparently too little regard, to facts. He has evidently 
failed to work out many Post-Tertiary problems on which he dis- 
courses, by a steady search after the truth ; by an unwearied ques- 
tioning of the facts, as they may be seen in the great field-book of 
the naturalist. 

But this suggests, and leads me once more to remark, that Prof. 
Dana's views of the PostrTertiary era in New England seem to be 
largely theoretical and formal. I do not object to hypotheses; I 
would not exclude theories, when there is afty ground for them ; I 
would only require that speculation be confined to facts, and in no 
wise allowed to outrun them. But when it is mere theory, either 
virtually apart fix}m facts, or altogether without them, the case is 
diiTerent. As an instance, take the doctrine of Elevation, as applied 
by Professor Dana to the Ice period. So far as I can make out, it 
does not rest either actually or legitimately on a single fact. Thus I 
fail to find in his statements real and substantial expositions of the es- 
sential truth of nature, genuine settings forth, and so true representa- 
tions of the actual processes which the manifold facts at once witness 
and symbolize. Seen in this light, his view of glaciers and of the 
Ice-period generally, is very inadequate and altogether unsatisfactory. 
Finding the iceberg hypothesis untenable, failing to get help from the 
theory of wave translation, seeing that much could be theoretically 
explained on the supposition of an immense ice-sheet, he appears to 
have boldly adopted, without having mastered, the latter view. In- 
deed, his adoption of it, as almost every page of his paper shows, is 
on negative grounds, and not from a thorough and exhaustive under- 
standing of the practical working of the principles involved. From 
such an apprehension of truth, even of vital truth, the best that can 
be reasonably expected is a fine theory, but one that is withal formal 
and lifeless. Had he really mastered the view, his reception of it 
would have been more than its half-adoption, and would have 
taught him the utter uselessness of his elevation hypothesis. 

I have thus frankly thrown but hints in regard to portions of the 
Geologic history of New England, thus freely spoken of Prof. Dana's 
contribution. Some of the positions advanced by him I have been 
disposed to commend ; upon others to pass strictures, according as 
I have found them well-founded or not entitled to confidence. Less 
has been said of excellences, for they bear witness of themselves ; 
more of supposed defects, since amidst much good, inadequate or false 
views are liable to be overlooked, and accordingly accepted as with- 
out spot and true. And all this has been done in the way of discua- 
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flion and suggestion. Points have been considered in the best light 
at command. No statement has been made to stop investigation; 
each utterance has been pat forth with a view to rouse honest in- 
quiry; to lead each to question his positions; to get help myself, and 
to aid our younger geologists generally to find out on just what ground 
they stand. We cannot honestly adopt conclusions simply as such, 
but only as the legitimate outflow of premises, which as put to the 
test prove themselves valid. We are to endorse superstructures 
solely as we see the underlying foundation, and so see it as to get 
substantial evidence that it is able to support them. It is only as 
this is done, that there can be an adequate guarantee of real pro- 
gress, of a healthy growth, of a liting advance, which will constantly 
lead into closer and more intimate sympathy with nature in her vital 
processes. If what has been written diall aid in this direction ; in 
case it leads the author of the, in many respects, excellent pamphlet 
under review, to re-examine his positions, and establish himself on 
a lAore substantial, and therefore on a more trustworthy basis ; should 
it help those who are engaged, or such as may be hereafter enlisted, 
in geologic studies, to a deeper insight of the truth as it is in nature, 
and as it has been revealing itself fi*om age to age in the history of 
' the globe, the aim of the writer will be fully accomplished. 



March 6, 1872. 
The President in the chair. Twenty-one persons present. 

Dr. Rneeland read the following extracts from letters 
written by Mr. John Muir, on the winter phenomena of the 
Yosemite Valley. 

On the cold, south, or eclipsed side of valley, average from January 
1 to 24, 1872, at Black's Hotel : 

Average morning temperature BI29 Fahr. 

«* noon " 40O6 

Maximum morning '* 86^ 

" noon " 5ao 

Minimum morning " 22^ 

«« noon " 820 

Mild and delightful weather, wholly unlike the stormy December, 
with a little rain and snow, but mostly sunshine. 
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From Jan 


25 to Feb. 14, 1872. 


Average sunriae temperature at Black's . . 28o.92Fahr. 


" noon " 






40^. 67 


Haximtim morning ** 






. 870 


Hmimom " ** 






280 


Maximnm noon •* 






. 490 


Minimnm ** ^ 






840 


BainfaU daring period 






287 inches 


SnowfaU " " 






8 " 



Three days rainy, 8 cloudy, 2 snowy, 10 bright and clear. 

January 24tli, a terrible wind storm, coming from the north, tlie 
only direction in which a gale can enter this deep valley; bending and 
swaying the great pines two hundred feet high, usually so unbending, 
like a field of wheat, and showering their cones about like hailstones. 
The struggle of the Upper Yosemite fall, considerably swelled by the 
melting snows, was very beautiful; the wind seemed to surround it 
with a vast whirlpool, which tore it and scattered it about like folds 
of white drapery, now and then laying bare the black rocks behind, 
hi the afternoon, the whole column was suddenly arrested in its de- 
scent about midway ; it was not blown upward or bent to either side 
but towered in mid aur, widening at the base, and doubtless turned 
inward towafd the rock ; it remained in this shape about three min- 
utes, an irregular white cone, eight hundred feet high, stationary at 
the bottom, as if at the base the laws of gravitation had been sud- 
denly suspended ; then all at once it resumed its usual appearance. 
The force of the wind, and the natural inward air current behind 
the Ml, were so strong as to bend the whole volume of water and 
curl it backward and inward, giving to the eye the appearance above 
described. Grand as are the Yosemite waterfalls, the Yosemite air- 
fiJb and cascades, masters even of the waters, are still more grand 
and wonderfuL 

This great storm produced no serious damage, prostrating only 
ftbout a score of trees, breaking off many branches, and scattering the 
pine tassels and cedar plumes far and wide, and by this natural 
pruning exercising a beneficial influence upon the forests. 

Erroneous views prevail as to the severity of the winter climate in 
this valley. On February 14, 1872, frogs croaked at night in the 
lueadow shallows; upon the warm slopes of the north wall young 
grasses were an inch high, the sterile aments of the alders were ripe, the 
cedars were sowing their pollen, the early willows pushing out their 
catkins, azalea buds opening, flies and moths sporting in the sunshine, 
and ants busy about their spring work. The contrast between the 
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north and south sides of the valley is remarkable; while on the north 
and sonny side it was spring, on the south side there were twelve 
inches of snow and midwinter — the two seasons separated only by 
half a mile of valley. 

The latter part of January there was a magnificent ice cone two hun- 
dred feet high at the base of the upper Yosemite fall. This cone was 
about six hundred feet in diameter at the base, truncated, with the side 
next the wall deeply flattened ; into its tolerably regular mouth, as 
into the crater of a volcano, poured whole columns of water which 
escaped by several irregular openings at the base. The rock be- 
hind the fall is dark-colored, but on both sides it is covered during 
fix>sty nights by frozen spray to a depth of from two inches to several 
feet; the width of this silvery edging of ice varies with the height, 
being greatest at the bottom and tapering to the top, like the fsH 
to which it belongs. This grand ice creation, two hundred feet wide 
at the bottom, developed in a night, dies in a day; a few minutes af- 
ter the sun falls upon it ragged blocks from a few pounds to several 
tons in weight begin to fall off, which in their fall echo through die 
valley like explosions of powder. The intervals of quiet which sep- 
arate these explosions are from a few seconds to ten or twelve min- 
utes; it sometimes happens that the sun disint^rates this ice before 
noon, but usually almost all day is required. The thundering and 
clattering of this falling ice are the common winter souhds, and the 
constant accompaniments of pleasant days. The ice cone is thus seen 
to be simply an accumulation of spray ice, solidified by pressure ; it 
frequently attains a height of four or five hundred feet 

Tourists in California never see, and even the residents know noth- 
ing of, the magnificent vegetation of the great central plain of Cali- 
fornia; it is almost edways remembered as a scorched and dust-clouded 
waste, treeless and dreary as the deserts along the Pacific Railroad. 
The foot-hills are smooth and flowing, and come down to the bot- 
tom levels in beautiful curves; their flowers do not occur singly or 
scattered about in the grass, but close together in companies, acres and 
hill-sides in extent, with their white, yellow and purple colors separate, 
yet harmoniously blending, and their fragrance is exquisite. Through- 
out the passes abound dogwood and alders, violets and ferns of great 
beauty. Afler passing the summit of the hills you come to the mag- 
nificent flower bed of the California plains, four hundred miles long 
and thirty miles wide, a great level ocean of flowers bounded by the 
enow-capped Sierras, watered by the San Joaquin and Sacramento 
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Bivers. The richness of this flower garden is almost beyond belief 
judged by ordinary standards,. or even by that of Florida, the land 
of flowers ; for every flower inhabiting Florida, on equal areas more 
than a hundred grow here. The flowers are not in the grasses, as on 
the prairies of Illinois, but the grasses are among the flowers. One 
actually wades in flowers, hundreds touching the feet at every step. 
But all this beauty is fast fading before the plough and the cattle and 
herds of civilization. 

February and March are. the spring time of the plain, April the 
Bummer and May the autumn. Spring opens early, prepared by the 
rains which begin in December; between May and December rains 
are very rare, and this is the winter of the plain, a winter of heat 
and drought. By the middle of May the flowers here are dead, and 
the leaves dry and parched ; not slowly perishing, but suddenly dy- 
ing before they can fade, standing erect and undecayed, with their 
beautiful urn-like seed vessels. 

As you ascend from the sunny winter of the plain, you find another 
summer in the foot-hills of the Sierra; higher up another spring, and 
on the edge of the valley a snowy winter; descending into the Yo- 
semite Valley, you find another spring, and then glorious sunmier 
along the banks of the M^x;ed. Thus, in the space of a week, you 
pass through aU the seasons in this remarkable region. 

Dr. Kneeland then called attention to recent newspaper 
statements, that a Japanese junk had reached Alaska in a wa- 
ter-logged condition, having drifted two thousand five hun- 
dred miles in nine months ; of twenty-six persons who had 
started, only three survived the suflferings which were under- 
• gone. This, if a fact, is interesting, as showing the possi- 
bility of America having been originally peopled by a similar 
accident. 

y 

The President remarked that several years ago the news- 
papers were filled with statements of Tin mines in Califor- 
nia and Missouri, but that Dr. Jackson had told him that ex- 
amination of the specimens of the supposed tin ore from 
Missouri, showed that no tin was to be found in that State at 
least. Nevertheless, a short time since a paper devoted to 
mining interests has asserted that many promising tin mines 
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exist in the United States, especially in MlBSoari and Cali- 
fornia, and that furnaces are actually being made for tin 
smelting in the former State. The President asked for in- 
formation from any member on this point. 

Dr. Eneeland replied that specimens of the Missouri ore 
recently sent to the Institute of Technology for analysis, 
proved to contain no tin. 

Dr. Brewer exhibited a beautiful Trogon, PharoYoacrus 
mocinnOj presented by Mr. Juan Zelidon, a gentleman en- 
gaged in collecting the birds of Costa Rica. 

Dr. Brewer also stated that the Smithsonian Institute had 
presented a valuable collection of woodpeckers to the Society, 
many of them new to the collection, which already contains 
about three-fourths of the known species of this large family. 

The thanks of the Society were voted for both ^fts. 



Section of Microscopy. March 13, 1872. 
Prof W. H. Niles in the chair. Thirteen persons present. 

Mr. Stodder gave a short account of the recent discussion 
as to the structure of the Podura scale, exhibiting drawings 
and specimens. 

Mr. R S. Chase of Haverhill, was elected a member of the 
Section. 



March 20, 1872. 
The President in the chair. Thirty-one persons present. 

At the invitation of the chair, Prof Ch. Fred. Hartt gave 
an account of his recent explorations of the eastern part of 
the Basin of the Amazonas, and of their results, bearing more 
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particularly on the theory of the glacial origin of the Basin, 
propounded by Prof. L. Agassiz. 

Prof. Hartt stated briefly Prof, ^assiz* theory, — that the valley of 
the Amazonas is occupied by a series of beds, in the following as- 
cending order, viz : first a bed of coarse sand, second, a series of 
days, and thirdly, a heavy mass of sand-stone several hundred feet 
in thickness, all of which were deposited in an ice-laden, fresh water 
lake confined behind a gigantic moraine which stretched across the 
valley, several hundred miles east of the present mouths of the Ama- 
zonas. Prof. Agassiz supposed that by the bursting of the barrier 
4e water of the lake rushed violently out, denuding away the sand- 
stones from over the greater part of the valley, leaving only a few in- 
significant patches forming the table topped hills on the left bank of 
the Amazonas, between the Rivers Xingii and Tapajos. The dimin- 
ished waters of the lake were supposed to have deposited a series of 
clays over the valley, and in these clays Prof. Agassiz claims to have 
found eratics at Erer^. Prof. Agassiz based his theory on his exam- 
ination of the Serra of Erer^ and its vicinity, taking that serra as a 
type of the system of table-topped hills. Prof Hartt showed that 
the Serra of Erere is composed, of a great thickness of an ex- 
tremely hard sand-stone, which dips at an angle qf about 15** to 20® 
to the southward. At its base on the north is an immense plain, 
composed of quite horizontal strata. The lowest are well bedded 
chcrtz rocks, on which lie a series of shale, white, mottled and occa- 
sionally black or bluish, succeeded by thin beds of sandstone. These 
beds were supposed to be drift by Prof Agassiz. Prof Hartt found 
them full of well preserved fossils, Spirifer, Leptocalia, Strep to- 
rkynchusy Chonetes, NuculUes, PalaoneUo, Tentaculiies^ DcdmaniteSy 
&c., indicating a lower Devonian horizon. These beds are traversed 
hy a perfect net-work of trap dykes, which by decomposition have 
given rise to numerous boulders. As these Devonian beds, quite undis- 
turbed, abut against the bas^ of a high ridge whose strata are in- 
clined, the conclusion seems inevitable that the Serra of ErenS is 
precarboniforous in age. Even if it be newer than the Devonian 
rocks just described there is no reason for considering it to be of 
glacial origin ; moreover the serra does not belong to the system of 
table-topped hills, for Prof Hartt found the Serra of Parandqudra, 
the most important of these hills, to be composed not of the sand- 
stone as Erer^, but of a series of soft clays, clayey sands and sandy 
^^ys, well bedded, horizontal, and probably of Tertiary age. Evi- 
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deuces of glacial action were observed in no part of the Eastern Am- 
azonas. 

Since no trace is to be found of the great moraine ; since the sup- 
posed erratics of Ererd are undoubtedly boulders of decomposition, 
and the serra and plain of Ererd are entirely different in structure 
from the table-topped hills, the theory of Prof. Agassiz seems to ad- 
mit of serious doubt 

Dr. Hunt, who was introduced by Dr. J. B. S. Jackson, 
exhibited some seeds given to one of his patients by a Mex- 
ican, who said that they had been in his possession for over 
two years, and had been collected in Mexico. These seeds 
when placed on a heated surface, or in the hot sun, exhibited 
a wonderful activity, which Dr. Hunt illustrated by placing 
them on a warm plate, when they soon began to dance in a 
lively manner. Dr. Hunt said this was owing to the motions 
of a larva which the empty shell contained. 

A mounted Jackall ( Canis aureus) presented by Capt. A. 
Lewis was exhibited, and the thanks of the Society were 
voted for the gift. 



Section of Entomology. March 27, 1872. 

Mr. Edward Burgess in the chair. Twelve members present 

The following resolutions were offered by the Secretary, 
and unanimously adopted : — 

Risolved : that in the death of our late associate, William Hales 
Dale, we mourn the loss of one whose many graces had endeared liim 
to us, and whose researches in Natural Science commanded our ad- 
miration and respect. 

Resolved: that the above be communicated to the friends of the de- 
ceased and inscribed upon our records. 

Dr. Hagen remarked on the larvae of the Telephoride bee- 
tle found in numbers on the snow in Somerville, March 14, 
by a Mr. Lawson. He thought they were the larvae of 
Chauliognathfua Pennayhanicua. 
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Dr. Hagen aLso exhibited the larvffi of a dipterous insect, 
perhaps Oestrus, six specimens of which were taken &om be- 
neath the skin of a child, in various parts of the body, and 
at different times. 

Mr. Sanborn stated that on the morning when the Tele- 
pboride larvaB referred to by Dr. Hagen were taken he had 
observed in W. Roxbury, while a warm snow was falling, fif- 
teen species of insects, all on the snow, which was several 
inches deep; among them were Telephoride and Noctuid 
larvsB, and the imagines of Capnia sp^ Cedidomyia scUicis 
Boreua brumalia and B, nivoriundus in abundance. 



April 3, 1872. 
The President in the chair. Thirty-seven persons present. 

Messrs. J. J. Woodward, M. D., of Washington, D. C, and 
R H. Ward, M. D., of Troy, N. Y., were elected Corres- 
ponding Members. 

Messrs. Edw. J. Forster, M. D., Horace H. Watson, Francis 
Alger, Robt. B. Tolles, Harry B. Bailey, F. E. L. Beal, J. A. 
Scott, 6. A. Jasper, Levi S. Burbank, Lester Goodwin, Henry 
S. Hubbard, Daniel B. Hubbard, Francis S. Hubbard, Dud- 
ley B. Fay, F. Hooper, S. L. Abbot, Jr., Geo. E. Rice, Fran- 
cis H. Appleton and J. D. W. French were elected Resident 
Members. 

Prof Hartt made a communication, showing his view's of 
the origin and formation of the valley of the Amazonas, 
and exhibited many views illustrating the scenery, inhabit- 
ants, and antiquities of that region. 

Mr. Tyler, who had lived many years in Natal, and who 
was present by invitation, gave a short account of the history 
and present condition of Natal, and a description of the 
native Zulus, narrating some of their &bles. 
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Prof. Hartt made some remarks on the similarity of the 
African and South American &bles. Some of the lat- 
ter were like old friends, as, for example, a story of a race be- 
tween a tortoise and a deer. 

The thanks of the Society were voted to Prof. Hartt and 
Mr. Tyler for their communications. 



Section of Microscopy. April 10, 1872. 
Mr. R. C. Greenleaf in the chair. Eight members present. 

Mr. Stodder exhibited some photographs taken by Dr. 
Woodward with Wenham's Opaque Illuminator. This illu- 
mination is not really opaque, as some light is transmitted. 
A similar effect may be got with ToUes* opaque illuminator 
and the mirror. 

' Mr. Minot exhibited some micro-photographs taken by 
him, and explained the process. 

Mr. Edward Burgess exhibited a dissecting microscope 
made by Carl Zeiss in Jena, and recently imported. 

Mr. Greenleaf said that with a detached mirror and very 
oblique illumination, he thought he had resolved Amphu 
pleura peUucida with a Tolles i. 

Dr. Gko. H. Brown of Boston was elected a member of 
the Section. 



April 17, 1872. 

The President in the chair. Thirty-seven persons present. 

Mr. J. A. Allen made some remarks concerning geographi- 
cal variation in mammals and birds, speaking more especially 
in reference to the latter. 

He referred briefly to the variation in size presented by indi- 
viduals of the same species living at different localities, and to tbe 
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general law of the decrease in size with the decrease in latitude, 
established some years since by Prof. Baird, in his elaboration 
of the materials collected by the different government surveys for a 
Pacijfic railroad route. Mr. Allen also called attention to the differ- 
ences in the character of the pelage of mammals in individuals of 
the same species inhabiting northern and southern localities, those at 
the north as a general rule, having a thicker and softer coat, and 
more heavily clothed feet ; and to the greater development at the 
soathward of peripheral parts, as the ears and feet, especially the 
fonner. 

In respect to birds, it was shown that not only the same law of 
diminution in general size to the southward obtains in this class as 
in mammals, but that there are other strongly marked coincident 
variations, affecting not only color but structural peculiarities. It 
was stated that, as a general rule, birds of the same species are much 
darker at the southern than at the northern borders of their re- 
spective habitats. ^ 

Mr. Allen showed that the bill and tail gradually increase in size 
to the southward, firequently to a very marked degree, the differ- 
ences in this respect being inverse to the difference in the general 
size of the individuals. While the total length of the bird may be 
considerably less at the southward, the bill and the tail oflen become 
actually longer ; but variation in this respect is more especially notice- 
able in long-billed and long-tailed forms. There is also a noticeable ten- 
dency to an elongation of the claws to the southward, particularly that 
of the hallux, which is markedly apparent in the genus Pipilo, as well 
as in other genera. In P. erythrophthalmus the differences in this re- 
spect between Massachusetts and Florida specimens is quite marked. 
The same feet is true in respect to the western forms of this genus, 
where the difference between specimens from Washington Territory 
and Lower Califomia is greater than is seen in the Pipilos of the 
Atlantic States. 

. The differences in color between specimens of the same species 
from the interior of the continent, as compared with those from the 
AUantic coast, and from the Pacific coast north of California, were 
Also noticed, and specimens from the Cambridge Museum of Com- 
parative 2iOdlogy were shown, illustrating not only the paler tints of 
those from the Great Plains and the interior of the continent gener- 
ally, but also the greater intensity of color at the southward along 
the Atlantic seaboard, as well as the coincident differences in the size 
and form of the bill and in other features. Attention wKs particularly 
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called to a series of specimens of the Baltimore Oriole (^Icterus bald' 
more), in which a transition was shown between specimens from Mas- 
sachusetts, (representing the average form of this species at the 
eastward) in which the lesser and middle coverts of the wing were bright 
orange, and others from middle Kansas, which had the lesser coverts, 
pale yellow, and the middle coverts white ; though specimens from east- 
em Kansas had the lesser coverts of a deeper tint of yellow and 
the middle coverts of pale yellowish. In the Kansas speci- 
mens there was also much more white bordering the secondaries than 
in the usual eastern form. A series of sparrow-hawks (Falco spar- 
verius) was also shown, illustrating not only the differences in color 
between specimens from the Plains and others from Eastern North 
America, but also the transition from the northern form of F. spar- 
verius to the southern form described as F, sparveroides by Mr. N. A. 
Vigors, in 1820, from specimens from Cuba; although F, sparveroides 
has ever since been generally regarded as a species satisfactorily dis- 
tinct from F. sparverius. In the northern form of F. sparverius a 
large rufous spot covers the greater part of the top of the head, 
which is entirely wanting in F, sparveroides. In this form the colors 
generally are also darker, the axillaries having the black bai*s pre- 
dominating over the white ones, while the reverse of this obtains in 
the northern form. The specimens shown were chiefly from the Flor- 
ida Keys and other portions of South Florida, and exhibited a gradual 
reduction of the rufous spot on the crown to its entire disappearance, 
leaving the top of the head uniformly dark blue. 

In reply to a question from Prof. Hyatt as to what cause could be 
assigned for the general variation in the intensity of color mentioned, 
Mr. Allen remarked that he had long suspected that humidity had 
much to do with it, and that after determining the areas over which 
the light and dark forms prevailed, he found by reference to charts of 
mean annual rain-fall that the lighter forms invariably occurred in 
dry regions, and the dark forms in relatively humid regions. 

Prof. Shaler remarked that he thought the difference in color at 
different localities might be an adaptation to the peculiar conditions 
of the vegetation, the paler tints of the plumage in the semi-desert 
regions better harmonizing with the scanty gray vegetation of those 
regions than more showy colors would ; the differences hence being 
such as might result from the operation of the law of natural selec- 
tion. 

To this Mr. Allen replied that since there was generally much 
less differ ^nce in color between young birds, and in old birds soon 
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after the autumnal moult, inhabiting respectively dry and moist re* 
gions, than between birds taken towards the close of the breeding 
season, it was apparent tliat the intense sunlight and the dry winds 
of arid districts do exercise a bleaching effect upon the colors 
of birds, and also of mammals, and is the cause of the faded 
and weather-worn aspect of the birds of the dry regions of the in- 
terior of the continent so especially noticeable towards the end of 
the breeding season. 

Prof. W. H. Niles remarked that the researchee of Mr. 
Allen were of great interest to the student of physical geog- 
raphy, as well as to the ornithologist and zoologist. To what 
extent the present geographical features and the climate gov- 
ern the distribution of animal life is, as yet, but very imper- 
fectly understood ; but in Mr. Allen's published works he has 
given a valuable contribution to this very important part of 
geographical knowledge. He has deciphered the geographical 
range and distribution of species, and described " realms, prov- 
inces, faunse and ornithological districts,'' not simply as an or- 
nithologist^ but with that clear and comprehensive knowledge 
of climate and physical features which gives a geographical 
interest and value to his work. 

Other members also spoke in praise of Mr. Allen's work. 

NOTK ON THR ORIGIN OP OUR DOMESTIC CaT. By N. S. 

Shaler. 

Hie derivation of most of our domesticated animals is so doubtful that 
any evidence which may serve to show the source whence they have 
sprang must be welcome to naturalists. Our domestic cat has been re- 
garded as the progeny of various wild forms. The first and most gen- 
erally entertained opinion was that it came from the Felts catus L., of 
western Asia and eastern Europe; but since the publication of the Zoo- 
logical atlas of Riippel this view has been replaced by that therein set 
forthf viz.) that our domesticated form was derived from the Felis 
f^aniculata Riip., of North Africa. I propose to show that there are 
reasons for supposing that the former view is by far the most reasona- 
ble, and that the stock of Northern Europe and America, at least, is 
derived from the first named of those species, although somewhat 
nixed, it may be, with the blood of the African form. 

With the desire to fix this point I have for some time been engaged 
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in an effort to ascertain what tendency there might be to rever- 
sionary features in our domesticated cat to either of the two sources 
whence it could have been derived. I have failed so far to find any 
very evident trace of a tendency to return to the type of the Felis ma- 
niculata^ but have discovered a very interesting reversion toward the 
wild Felis catuSf which I propose now to consider in some detail. 

Obviously the circumstances which most favor the reversion of any 
domestic breed to their original stock are those which restore it most 
nearly to the wild conditions. Under the conditions of domestication 
an animal may acquire features of color or of form which may obscure 
the derivation, yet these maybe easily swept away when the creature 
returns to the needs and struggle of a feral state. Fortunately we have 
in Cambridge, Mass., a laige number of cats ; if my calculation does not 
deceive me the number is to be reckoned by thousands, which are es- 
sentially wild, having no owners, rarely entering a dwelling except by 
stealth and in the severest weather, and feeding in the winter by the 
chance pickings about the areas, adding in the summer the birds they 
may capture. A large part of the people of Cambridge leave the 
city for the summer, and during this time the household cat often 
rears a litter and wanders away in search of food; this is constantly 
adding to the undesirable supply of these creatures. 

Here we have all the conditions favorable to reversion, and here 
we'find a race developed, which, in nearly all important characters 
closely resembles the Felis catus\ about one in four of the semi-fe- 
ral cats in the vicinity of Cambridge are colored precisely in the 
fashion of that species. The coloration of the Felis catus and of these 
reversionary forms is so peculiar that we cannot for an instant sup- 
pose that the correspondence is accidental. The pattern of coloration 
is probable the most peculiar of all the elaborate features which oc- 
cur in the genus. The ground color of the body is a lightish gray 
covered with a profusion of stripes and bars of a blackish tinge; on 
the head all these run longitudinally; from the angle of the mouth 
a line extends downwards and backwards for an inch or more on to 
the throat; from the outer angle of the eye a similar crescent-shaped 
line leads down to the preceding, and another less distinct from the 
rear edge of the ear; from the lower edge of the forehead four or 
more bands extend backwards between the ears, widening and di- 
verging slightly as they go on to the shoulder. Backward toward 
the tail the central stripe of black becomes broader and deeper Hack, 
and is continued down the dorsal aspect of the tail. The shoalders, 
neck and flanks are marked by wavy, broken, zebra-like bands of 
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blackish color; generally these bands are so divided that the creature 
has a somewhat spotted appearance. The legs are banded with sev- 
eral stripes of black, those near the upper part being the most per- 
fect. ' The tail is similarly banded, the stripes being really branches 
from the central black line, but not meeting on the central side of 
the tail, which like the belly itself is of a whitish hue. The beautiful 
figure of Felts ccUiu in the atlas of Straus Durkheim's great memoir 
on the anatomy of the . cat is, in every feature of coloration, pre- 
cisely like a household cat now in my possession. Excepting the tail, 
which is a little longer than that of the specimen figured in the plate, 
the likeness is absolutely perfect. 

I can throw no light upon the reversion to these markings. , So far 
as I have been able to learn, the breed is on the whole local, though 
information on this point is incomplete. There seems to be some 
connection between coloration and size; all the specimens of males 
marked with this pattern which I have seen are distinctly larger 
than the average specimens of other colors. The tails appear also to 
be a little shorter and bushier in this reverted form, imitating more 
closely the general characters of the wild species than do the other 
forms. 

I am inclined to think also that the females prefer males of this 
pattern ; one specimen, colored and also brindled, now domesticated 
in my house, has kittens uniformly like her in point of color. It is 
not impossible that this coloration may prove of some small service to 
semi-feral cats in catching birds; these striped colors are singularly 
inconspicuous. The number of birds taken by these creatures has 
never been appreciated ; there can be no doubt that during the fledg- 
ling season several hundred a day are destroyed in this fa^shion within 
the half a dozen square miles of Cambridge. It is not improbable that 
spread of canker worm and other insect pests is in a great measure 
due to the loss of insectivorous birds ^ through the action of 
these pests. This is a point of sufficient importance to warrant the 
giving of a bounty for the scalps of these creatures that play the part 
of wolves against the defenceless flocks of the air. 

It is not possible, however, to ascribe the reversion to this color- 
ation to action of natural selection operating by giving these crea- 
tures an advantage in the pursuit of prpy; the action is not extensive 
enough. It is more reasonable to regard the color as correlated with 
a general physical condition which adapts the whole organization to 
great exposure in a rigorous climate. 

I should say that since I began to observe these features of colora- 
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tion I have found that Flrof. Agassiz has long been oonyinced that 
our domesticated species was a mixture of two stocks, one deiiyed 
from the Felis maniculata Riippel, the other the Felis catw L. 

Mr. L. S. Barbank gave an aocount of the exploration of 
the Mammoth Cave by a party of geologists and naturalists 
from the meeting of the American Association at Indianapo- 
lis, last August. 

The observations made by the zoologists of the party had been 
fully reported in the American Naturalist. He had studied more 
particularly the peculiar mineral forms, which, in great variety and 
beauty,* adorn certain portions of the cave. Among them those 
resembling vines, flowers and wreaths are most conspicuous, and 
have oflen been spoken of as almost miraculous in the beauty and 
accuracy of their imitative character. They were, of course, all pro- 
duced by natural causes, and these causes are not difllcult to trace. 

Although these forms all consist of gypsum or sulphate of calcium, 
there is no massive gypsum in the rock formatioA of the cave. It 
appears only in a fibrous shape, filling cracks and fissures, and as an 
efflorescence on the surface of the limestone of particular strata, which 
do not appear near the entrance of the cave. The curved fibrous 
masses are first seen on the long route, beyond Echo River, nearly 
six miles from the entrance. They first appear on the surface of a 
stratum of the limestone, some six feet in thickness, which is ex- 
posed on the side of the cave. As the path descends, a point is soon 
reached where this stratum forms the roof, and here the crystalline 
forms appear ii great variety. 

The portions of the rock where they are found contained originally 
a sulphide of iron or iron pyrites, which, on exposure to air and moist- 
ure, becomes oxidized, and forms sulphuric acid and an oxide of iron. 
The sulphuric acid decomposes the limestone and forms the gypsmn, 
which, being soluble, is carried by the water to the surface, where it 
crystallizes. 

The various forms are not produced, like stalactites, by a deposit 
from dripping water containing the mineral matter; they are devel- 
oped from unthin. The deposits first made at the surface are in- 
creased by additions fix^m beneath, which continually push out the 
parts first deposited, and by unequal pressure and adherence to the 
surrounding rock the curved forms are produced. Along lines of 
fracture the curved, leaf-like masses are thrown out in great aban- 
• dance and variety. The rosette form results fit)m the decomposition 
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of nodules of the pyrites, which begins around the edges, as they 
are exposed at the surface, and as the chemical action proceeds 
towards the centre successive leaf-like layers are thrown out. Larger 
nodules or rounded masses give rise to a wreath-like arrangement by 
the same chemical action taking place along the edges in contact with 
the limestone. 

Where the pyrites was disseminated in small grains or crystals 
throughout the rock, a nearly uniform coating covers the surface, or, 
inr some places, needle-like, delicate fibres are thrown out. On 
some of these fibres may be seen an indication of a periodic 
growth, in a succession of rings or wrinkles on the surface. These 
rings are probably produced by an annual growth, as in the case of 
the horns of certain animals. During the long, dry summer of that 
region the growth of the fibres ceases for want of water to carry on 
the chemical action, and is renewed when the autumn rains appear. 
Hiere is proof that this process is still going on, from year to year, in 
the fact that the forms may be seen in all stages of growth — in 
some cases just beginning where a previous coating of gypsum had 
been thrown off. 

The thanks of the Society were voted to Mrs. W. R. Al- 
ger for a fine specimen of the female flowers of the Coco-Nut 
Palm. 



Section of Entomology. April 24, 1^72. 
Mr. J. H. Emerton in the chair. Ten members present. 

Mr. Sanborn called attention to a wasp's nest, presented 
by Luther Hills, Esq., showing a deviation from the usual 
plan of construction. The portion of the nest built the first 
year had been closed up, forming, as it were, a pedicel, to 
which the second year's work was attached at the mouth. 

Dr. Hagen read a letter from the Baron de Selys-Long- 
champs, acknowledging the receipt of specimens of Pseu^ 
doneuroptera belonging to the Society's collection, maid 
presenting a copy of his Synopsf^ des Cordulines. 
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Annual Meeting. May 1, 1872. 

Vice-President Dr. Chas. T. Jackson in the chair. Thirty- 
three persons present. 

Prof. A. Hyatt- presented his report as Custodian for the 
year: — 



The first event of the past official year was of a most af- 
fecting and melancholy character. 

The Rev. J. A. Swan, Recordmg Secretary and Librarian, 
whose term of service endured but little over a year, died 
after a short illness on the 31st of October, 1871. The Society 
has never before, I believe, parted from one of its officers un- 
der circumstances which appealed so strongly to the sjtu- 
pathy of all its members. Though not possessed of a strong 
constitution, Mr. Swan was gifted with a singleness of pur- 
pose and the spirit of work to a degree which I have rarely 
seen equalled. His devotion to the interests of science and 
to the purposes of this Society, induced him to tax his physi- 
cal powers far beyond the safe limits of endurance. This 
brought on the disease from which he had previously suffered, 
in an aggravated form, and deprived him of the means of 
resisting its ravages. Suffering and pain never interfered 
with the performance of his official duties, and we all remem- 
ber the courteous and almost affectionate interest with which 
he assisted every one. 

These rare qualities made him deservedly popular with the 
members of this Society, and endeared him to its officers, who 
mourned his death rather as friends parting from a dear 
friend, than as associates losing the companion of only a 
year's standing. 

Soon after this sad event Mr. F. G. Sanborn was elected as 
temporary Secretary and Librarian, and continued to perform 
the duties of this double office until the election of Mr. Ed- 
ward Burgess, the present incumbent. This necessarily with- 
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drew Mr. Sanborn from his position as Assistant in the Mu- 
semn, and from the care of the Entomological Department for^ 
four months. ^ 

The publications have fallen behindhand on account of 
these various changes, and other reasons explaitied in my pre- 
vious report, but they are, owing to the energetic manage- 
ment of the present Secretary, now being rapidly advanced. 

The Teachers' School of Science was conceived, and has 
been carried into snccessfrd operation during the past winter 
under the patronage of Mr. John Cummings, a well known 
member of this Society. 

After this gentleman had pledged himself to the support of 
this undertaking, a Committee was appointed, consisting of 
Mr. John Cummings, the President, Prof. W.H.Niles and the 
Custodian, to take the matter in charge. 

Under the direction of the Committee, courses of lessons 
have been given on Physical Geography, by Prof W. H. Niles, 
on Mineralogy, by Mr. W. C. Greenough, and on Zoology by 
the Custodian. The last course on Botany, by Dr. W. G. Far- 
low, of Cambridge, is now in progress. When this is 
finished there will have been thirty-three lessons given. 
The courses have been almost wholly tentative and experi- 
mental, but the success already attained has been most en- 
couraging. 

Prof. W. H. Niles delivered the first six. He undertook to 
give the more general features of the earth's surface, and then 
to apply these geperal principles to the explanation of the 
physical characteristics of Massachusetts. The success of this 
course may be judged by the average attendance, which was 
by about six hundred teachers of all grades, and the fact t^at 
the methods of teaching Geography in some of our public 
schools are now undergoing a change in favor of the more 
natural method introduced by him. 

The necessity of actually handlidg and dissecting speci- 
mens obliged the Committee, afler consultation with the Mas- 
ters of the public school's, to confine the issue of tickets to 
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about two for each school. This limited the average attend- 
ance at the succeeding lessons, six on Mineralogy by Mr. 
Greenough, and eleven on Zoology by the Custodian, to about 
fifty-five. The Masters and sub^Masters of the public schools 
have been present in large numbers, and I have noticed the 
same faces at every lesson, earnest in their work, and ofted 
remaining ailer the close of the discourse in order to gain 
fuller information. Specimens were distributed and studied 
at every lesson, and we know that in many instances the in- 
struction was repeated at the schools. 

We have, beyond a doubt, excited an interest in Natural 
History which must speedily effect a marked improvement in 
the system of public instruction in Boston, and eventually 
spread its influence to other parts of the country. The Com- 
mittee feel that much of their success is due to the assistance 
they have received from Mr. Page, the Chairman of the Com- 
mittee of Masters, Mr. Philbrick, the Superintendent of the 
Public Schools of Boston, and Prof. Runkle, the President of 
the Institute of Technology, who obtained from the Board of 
Government of that Institution the use of their new and 
commodious hall, which was opened for the first time at our 
first lesson. The materials for the course on Zoology could 
not have been gathered in sufficient abundance if it had not 
been for the extraordinary facilities for collecting Marine ani- 
mals afibrded the Custodian by Prof S. F. Babd, TJ. S. Com- 
missioner of Fisheries. Those for the course on Botany 
were furnished with equal readiness and generosity by Pro£ 
Asa Gray, from his Botanical Garden in Cambridge. In fact, 
men of purely scientific tastes have everywhere manifested 
the deepest interest in our project, and given all the aid that 
was asked for by the Committee. 

The expenses of the Society are represented by the use of 
the Ldcture room at each lesson, the use of gas on one oc- 
casion, and the destruction of a few duplicate spedmens 
broken up and distributed. These are not, properly speaking, 
expenses, but rather the use of our Lecture room and ma- 
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terial for the legitimate purposes of the Society, and how 
largely the Society is likely to be repaid may be judged from 
the incidental donations which we have rec^ved. 

These consist of a frill suite of the Marine animals of 
Wood's Hole, a very frdl and complete collection of the 
&una on the southern coast of Massachusetts, presented to 
the New England Collection ; also an equally complete col- 
lection of the Marine animals of the coast of Maine, made at 
Eastport, and named by Mr. Dwinelle from the collection of 
Prof A. E. Verrill, well known for his long continued and 
accurate work upon the &una of that region. These collec- 
tions were purchased for the Teachers' School of Science by 
Mr. Cummings, but the duplicates alone will be sufficient to 
make up the collections which are to be distributed to the 
schools, and the first suite of specimens, including many spe- 
cies yet unrepresented in our Museum, is to become the 
property of the Society. My visit to Wood's Hole also 
enabled me to obtain a very complete set of the skins of the 
sharks, rays, skates and other large fishes, which were col- 
lected by the vessels and men in the employ of the U. S. 
Commissioner of Fisheries. 

Chas. J. Sprague, Esq., at my solicitation, very generously 
donated two hundred dollars, and other gentlemen have ex- 
pressed a willingness to assist in paying the expense of stuf- 
fing and placing them in our New England Section of the 
Museum* The larger part of these skins are now in the 
hands of the taxidermist, and I hope to see them completed 
before the end of this summer. 

In this connection, also, it is appropriate to notice the pres- 
ent state of our relations with the Institute of Technology. 
The Lecture room of the Society has been but rarely oc- 
cupied by the classes of the Institute during the past year. 
The Museum, however, has been used more freely, especially 
by the Custodian, in the instruction of the class on Palaeon- 
tology. No damage to the specimens has yet occurred, nor 
is likely to occur, except through the carelessness of the o£> 
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ficers to whom specimens are loaned. The* rent paid by the 
Institute, four hundred dollars per annum, though only a £ur 
equivalent for these advant^es, is really so much additional 
income, which the Society appropriates to its own purposes. 

That the judicious use of specimens is perfectly compatible 
with their safe keeping, is shown by these fects, and by the 
present condition of the Osteological and Zoological collec- 
tions. The specimens of these depsurtments have not only 
been frequently used as described above, but also in the illus- 
tration of our public evening courses, and yet in no case do 
they show the effects of careless handling ; even if a certain 
amount of wear and tear should take place in the course of 
several years, it must be remembered that the specimens 
loaned for the purposes of illustration are not the rarest of 
their kind, but such as can be easily and readily replaced by 
purchase. 

A considerable portion of my last Report was devoted to 
the discussion of a proposed plan of organization. The re- 
arrangement of the Museum in accordance with this plan has 
been begun by the building of suitable cases for the reception 
of the Ornithological Collection in the uppermost gallery of 
the main hall. These cases having been completed the birds 
are now being removed into them from the gallery and rooms 
below, by Mr. J. A. Allen. 

Extraordinary precautions were taken in order to render 
these cases absolutely insect tight. The lumber was very 
carefully selected and kept heated while the work was going 
on, all joints were tongued, grooved and glued. The tops, 
bottoms and sides, were built into the plastering, the sashes 
grooved and tongued and locked by wedge-shaped bolta 
The latter were invented in order to draw the sashes up 
tightly and firmly against the tongues at the top and bottom, 
and completely close the fronts of each case. Morse's patent 
brackets are used to suspend the shelving, which hangs upon 
the wall, and has no connection with the frK>nts. The success 
of these precautions is shown by the air tight condition of the 
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cases. By suddenly opening or closing a sash one could 
readily crush in, or burst out, the neighboring glass panes. 
The resistance of the air is so great that it has to be over- 
come by a steady slow pressure as if one was working the 
handle of a piston. 

With the exception of the method of bolting, and some 
other details, this plan is similar to that which has been suc- 
cessfully adopted by the Smithsonian Institution for the 
preservation of their valuable collection of birds, and was 
recommended to us by Prof Baird. 

The effort to free the infected skins from the ravages of 
Anthrem has been completely successful. Mr. Arthur Smith 
has repeatedly inspected the entire collection, bird byTbird*, 
during the winter, without finding a single living Anthrenus, 
and Dr. Brewer and Mr. Allen both confirm his report. The 
condition of some of the specimens when this movement be- 
gan may be judged from the fact that they have been operated 
upon over twenty-five times before a cure was effected. Not- 
withstanding this, however, but very few specimens have been 
absolutely lost, only about half a dozen in all. 

As soon as the birds are removed the Zoological collections 
will be concentrated in the first gallery of the main hall and 
the adjoining rooms. Many of the details of this part of the 
rearrangement of the Museum have been already completed, 
and the work can proceed with considerable ri^pidity. This 
redistribution will make room for the New England Collec- 
tion, which wiU occupy the western end of the main gallery 
Mid the adjoining south-western room. 

Our collection of Sponges has been compared and named, 
as far as possible, with the aid of Oscar Schmidt's types, 
which the Custodian was permitted to use for this purpose by 
the Director of the Museum of Comparative Zoology. 

The Conchological Collection is rapidly advancing to a sat- 
isfactory condition. Dr. P. P. Carpenter's services were se- 
cured for two months last summer. In this short time, how- 
ever, this inde&tigable and experienced Malacologist named 
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and mounted onr entire collection of Bivalyes, and 'began 
upon the TTnivalves. A considerable portion of the latter 
were packed ap in the early part of the last winter and sent 
to Dr. Carpenter, who has also completed them« They are 
now on their way back to ns. The extraordinary celerity 
with which Dr. Carpenter works leads me to hope that this 
department will be placed in perfect order before the end of 
the coming year. The details of his work will be found in 
the special report of the Conchological Department. 

The Palasontological section of the Museum has also been 
very much improved in appearance by the exertions of the 
President, Mr. Bouv6, who has remounted and rearranged 
all the fossils from the Potsdam to the Carboniferous inclusive. 

The skeleton of the whale has been prepared by Dr. 
Thomas Dwight, Jr., assisted by Mr. Fletcher M. Abbott. It 
swings from the centre of the roo^ nearly on a level with the 
first gallery of the main halL Its perfection, and the admira- 
ble manner in which it has been mounted, render it a most 
valuable and attractive ornament to the Museum. 

The entire collection of Coleoptera has been placed in in- 
sect proof boxes by Mr. Sprague, and he has begun to secure 
the Harris collection in a similar manner. I desire, however, 
to call the attention of the Society to the boxes upon the 
table. These are experiments upon the methods of mount- 
ing and illustrating the tj^ical collection of insects, and will 
probably be adopted throughout that department. The diffi- 
culties that were overcome, and amount of study and labor 
expended by Mr. Sprague in making these pattern boxes, can 
only be rightly appreciated by those who have watched their 
progress. One of them exhibits the ventral and dorsal as- 
pects of a large beetle, showing all the parts appropriately 
named. This is be the type of the order. The other boxes 
contain the types of several genera and two families. The 
enlarged outlines of these small insects are given from the 
dorsal and ventral sides, accompanied by specimens having a 
similar position. On the fight hand side of the box in each 
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case are the charactdristio parts, likewise greatly enlarged, so 
as to be readily seen, but each figure accompanied by its cor- 
responding dissection. The characteristics of the family and 
genus are written opposite, so that the visitor sees at one 
glance the animal, its parts, and the £unily and generic char- 
adteristics. The outlines are drawn with the camera-lucida^ 
and corrected by the most careM study, so that they are as^ 
accurate as it is possible to make them. 

This is the sort of work that should be done in every de- 
partment, if we would render our type collections really use- 
ftil. A single assistant may slowly, and by dint of patient 
labor, accomplish a great deal, and in the meantime I venture 
to hope that an interest in what we are doing will be incited 
in the minds of those who are able to relieve our necessities. 
We are considered a wealthy Society, and so we are, as 
compared with other Societies, but we also have more to do. 
The times in which we live, the locality, and the cause of 
public education, demand an amount of progress which we 
have not means enough to sustain. This is not only felt in 
the Museum but in the publications, and through them by all 
the Naturalists in this section. 

Original investigations, which no publisher can afford to 
undertake, on account of their strictly technical character, 
have ever been the principal sources of knowledge, especially 
in Natural Science. 

The useftilness of a Society, therefore, which is founded and 
carried on in the interest of Natural Science, depends largely 
upon its ability to fiimlsh means of ready publication. We 
have succeeded in publishing several of the Memoirs that 
have been presented at our meetings, but others of great 
value have been necessarily rejected. One of these is 
now being published by the New York Lyceum of Natural 
History. Nothing can be more injurious to the progress of 
science in this vicinity than such proofs of our inability to 
assist persons who spend their lives in the pursuit of the same 
objects as those for which this Society was founded, and is" 
now carried on. 
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FUBLIOATIOKS. 

The Society has published this year two quarterly parts of 
the 14tli Volume of the Proceedings, and it is hoped that in 
a few weeks the dd and 4th parts will be issued, completing 
this volume, and bringing the Proceedings up to date. Pour 
articles of the Memoirs have been published this year, two of 
which should have appeared last year. These are ** The Early 
Stages of TerebratuUna" by Prof Edward S. Morse, and the 
** Osteology and Myology of Didelphys Virginianus," by Dr. 
Elliott Coues. Another article on the *• Embryology of Limu- 
lus Polyphemus" by Dr. A. S. Packard, will be issued this week. 

MEETINGS. 

There have been eighteen general meetings, with an aver- 
age attendance of thirty-two persons ; nine meetings of the 
section of Microscopy, with an average attendance of ten ; 
eight meetings of the section of Entomology, with an aver- 
age attendance of eleven persons. Six Corresponding and 
tiiirty-four Resident Members were elected. Eighty-two 
communications have been made ; of these seventeen were 
made to the Entomological, and twelve to the Microscopical 
section. 

LIBRABY. 

The accessions to the Library number 1667, and may be 
classified as follows : 424 volumes^ 943 parts of volumes, 268 
pamphlets, and 32 maps and charts. Prof W. H. Niles and 
the Librarian have classified and arranged the Official Re- 
ports upon the various Greological surveys of the difiTerent 
States, and have succeeded in obtaining many Reports by 
purchase or otherwise, and there is now a fair prospect of 
completing the list. To render these Reports accessible, 
however, considerable outlay for binding is necessary. 

During the last month quite a number of recently pub- 
lished works have been purchased by the Wolcott Fund and 
placed upon the shelves. Correspondence with the depart- 
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ment of mines of Yiotoria has been opened, and a set of their 
publications have been received. Six Societies in Europe, 
and one in South America, have presented their publications 
for the first time. 

BOTANY. 

The collections in this department have been carefully ex- 
amined, a work which would have been unnecessary if the 
cases in which the specimens are stored had been of better 
construction. The absence of the police on exhibition days is 
endangering the specimens of the Califomia Redwood and 
Palmetto, which have suffered considerably fi'om the caned and 
parasols of visitors. A change has also become necessary in 
the Lowell Herbarium, and the Curator feels it is his duty to 
recommend that new cases be erected for its accommodation. 

COMPABATIVB ANATOMY. 

The chief work accomplished during the last year has been 
the mounting of the skeleton of the whale {BcdcBnoptera 
musctilus)^ which came into the possession of the Society in 
October, 1870. 

The specimen is one of the most perfect in the world, as 
may be shown by enumerating the deficiencies. There are 
but sixteen chevron bones (eighteen have been found in some 
specimens), and some of these are imperfect. The inferior 
epiphysis of one ulna was lost. The petrous and tympanic 
bones of one ear were removed from the head, and prepared 
to show the internal ear and were not returned to the skull. 
Otherwise the skeleton is perfect, and besides having the last 
vertebra intact, although but one-half inch in diameter, it 
shows the two pelvic bones and the rudimentary femora. 

The Committee deemed it best to suspend the whale from 
the roof at such a height that a good lateral view could be 
obtained from the first gallery, while the superior surfisice 
could be studied from the second, and the inferior from the 
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floor of the hall. As it would have been a matter of great 
diflicnlty, if not an impossibility, to represent the intenrerte- 
bral cartilages so that each should have its proportions per- 
fectly normal, it was decided to suppress them. Consequently 
the length of the skeleton does not exceed forty-five feet, 
which implies a loss of three feet. It is suspended about 
twenty feet from the floor and forty feet ftom the ceiling, by 
three wire ropes for the head, two loops, besides a single wire 
rope, for the spinal column. The head was suspended in- 
dependently of the spinal column, though they were subse- 
quently attached. One wire rope pierces the beak near its 
end, and is attached to the middle of an iron bar connecting 
the mandibles, which are held behind by the extremities of 
the two posterior ropes, each of which pierces the outer 
part of the squamosal. Nuts on these rop^ maintain the 
proper distance between the lower jaw and the skulL The 
relations can be changed, if desired, by altering the length of 
the ropes from the ceiling and the positions of the nuts. 

The body of each vertebra was bored in three places by 
a half inch drill. One hole is near the inferior border in the 
median line, the other two are through the upper and outer 
parts of the body. Wrought iron rods three-eighths inch 
thick and twelve feet long (except near the ends of the col- 
umn) were passed through these holes, and so arranged that 
while miost of the vertebrsB were pierced by three continuous 
rods, there should never be more than one break in any 
given vertebra. The ends of the inferior rods were fastened 
securely together, and the couplings countersunk in the 
bones. Towards the end of the tail but two rods were 
used, and finally only one. 

The anterior suspending loop passes through the bases of 
the transverse processes of the 14th dorsal, the second through 
those of the 12th lumbar, and the single rope through the 
body of the 10th caudal vertebra. As has been anticipated, 
the flexibility of the iron rods was so great that almost any 
curve could be obtained by regulating the lengths of the 
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enspending wire ropes, and by introdaoing small wedges be- 
tween the bodies of the vertebrao in those places where the 
carve shoold be most marked. The highest point reached 
by any of the spinoos processes is at the posterior end of 
the dorsal region. The flippers are presented of the natural 
size, each bone standing apart from the others at, or near as 
possible, the proper distance. They are attached to the scap- 
ulae, and these to the ribs, but the chief support is obtained 
by two strong wires which pass from the back of the skull 
to the anterior loop, holding up a transverse rod passed 
through the head of each humerus. The advantage of this 
is evident, for any sinking of this rod will tend to strengthen 
the skeleton by pulling the ends nearer together. 
• Some additions have been made to the homplogical series 
and several skeletons prepared and put aside to be mounted 
as soon as possible. 

Among the donations received this year two deserve spec- 
ial mention. One is a beautiiid head of a walrus, obtained by 
Capt. Fish, presented through J. S. Pay, Esq. ; the other, the 
skeleton of an alligator, said to be about twelve feet long^ 
shot in Florida and presented by H. S. Greenough, Esq. 

BADIATA AND CBITSTACEA. 

.Work on the Hydroids and Corals has b6en in progress 
during the winter, and the preliminary arrangements for the 
removal of the two classes nearly completed by the Custodian. 

HOLLUSKS. 

Dr. P. P. Carpenter worked upon the labelling, arrangement 
and mounting of the shells for seven weeks and two days; 
the last three weeks of this time he was constantly occupied 
from 6.15 A. M. to 9.80 P.M. He was accompanied by an 
assistant, who cleaned and mounted the specimens under his 
direction. . 

A large quantity of material which had accumulated was 
&Bt unpacked and distributed into genera. The Bivalves 
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were then reviewed species by spedes, named, labelled, 
mounted and arranged in the gallery of the Shell Room. 
The duplicates were picked out and stored in boxes on 
the upper shelves. Very few originals were found, and 
very few even of those that Dr. Gould presented to this 
Society. By an arrangement with Mr. Anthony of the Mu- 
seum of Comparative Zoology, Dr. Carpenter secured his ser- 
vices until all our fresh water bivalves, the Unionidae, were ac- 
curately named, and Dr. Stimpson, of Chicago, who was visit- 
ing here, very kindly solved for him the equally difficult prob- 
lem presented by the Cycladidae. Besides his work on the 
bivalves. Dr. Carpenter also completed the StrombidsB, Cas- 
. sidaB, Dolia, Volutes, and the larger Cowries and MuricidaB, by 
adding to the Pratt collection of these families the species of 
our own collection which had not been mounted by Prof K 
S. Morse. 

This gr^at mass of work which would have been the cred- 
itable result of a year's labor on the part of any ordinary 
Malacologist, now fills the cases of the gallery, and the fami- 
lies just mentioned are in the floor cases. With the consent 
of the chairman of the Committee, the Custodian effected an 
exchange with Dr. Carpenter, receiving from him a first class 
set of British shells, in exchange for an equivalent series from 
our general collection of duplicates. This collection is es- 
pecially valuable, as we had no authentically named British 
shells, and these had been named by Dr. Carpenter, ailer 
the types of McAndrews, Bean, Jeffreys and others. With 
the land shells we also received a small lot of very rare Medi- 
terranean, and many of Tristram's types from the Holy Land. 
The whole amounts to about 414 species. 

Dr. Carpenter wrote me in full the details of the work 
done, and his letter is filed as usual, and can be referred to 
under the date of Aug. 21, 1871, No. 286^. During the past 
winter the same gentleman has been working upon our Uni- 
valves, a large portion of which "^as sent to him by Mr. 
Sprague. These have just been returned, and no formal re- 
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port has been made upon the work, bat I am able to say that 
abont one-third of all the Univalves in the collection are 
finished, excluding all those previously mounted and labelled 
by Prof. Morse. Including these, abont one-half are mounted 
and labelled, so that it is reasonable to expect that Dr. Carpen- 
ter, if he can be retained in our service, will be able to finish 
and catalogue the whole during the coming year. I have in- 
stmcted Dr. Carpenter to divide the duplicates into complete 
sets for exchange, and sets of types suitable for presentation 
to educational institutions. 

INSECTS. 

The be^nning of the present year was occupied by Mr. 
Sprague in completing the general collection of Coleoptera 
now contained in the railing cases of the upper gallery. In 
this were incorporated all the species from his own, Mr. San- 
bom's private collection, and our miscellaneous collections. 
There were about one hundred species in all, including the 
entire family of Scolytidas, which had to be worked out from 
Dr. Le Conte's monograph. All of the Coleoptera have been 
placed in a safe condition, and with a little care can be so 
maintained. They number about 10,000 specimens, and are 
contained in the improved style of box adopted by the Coun- 
cil. The New England Collection is progressing rapidly. 
The CicindelidsB are completed, and the Carabidsd nearly 
finished. 

Many species of Coleoptera have been described in our 
publications, especially the Journal, and Mr. Sprague has 
been, during a portion of his time, employed in making up a 
separate collection of species corresponding to these descrip- 
tions. This will be when completed an exceedingly valuable 
addition to our Museum, and should be followed in other de- 
partments. During this work he has found quite a number 
of Randall's, and some of Say's types, the latter especially hav- 
ing been considered lost. They are badly damaged, but still 
capable of identification, and therefore very valuable. The 

fBOOSXDDIOS B. 8. V. H. —VOL. XIT. 12 VOYXMBXB, 1872. 
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Harrifl Collection lias been several tunes re-exammed, and at 
last a plan has been devised by which the trays can be made 
insect tight. This will save the Society the great expense of 
ftimishing new boxes, and will be just as safe. A sample 
of one of these trays is upon the table and may be examined 
by the members of the Society. The work upon the type 
collection has already been sufficiently described in thegen- 
eral report. 

The larger collections received during the year are as fol- 
lows : ftom Mr. James Boll, 150 spechnens of European Lep- 
idoptera, and 300 of Coleoptera, notable for their fine condi- 
tion, and the care exhibited in their preparation ; and in ad- 
dition to previous gifts of valuable material the bequest of 
his entire cabinet, consisting chiefly of North American in- 
sects, coupled with a sum of money for its preservation by 
our late associate, Mr. Wm. H. Dale. 

Contributions of exotic specimens in small lots are chroni- 
cled fi-om Messrs. Samuel Wells, W. H. Holden, and Benj. P. 
Mann, besides a fine living spechnen of MygdU Emtzii Gii^ 
with its " trap-dooi^ nest, from Miss Nellie Stone of Caliior- 
liia.. New England specimens, living and otherwise, have 
been presented by P. S. Sprague, Dr. G. P. Waters, I. G. Shute, 
F. A Sherriff; A. B. Warren, F. A. Clapp, Luther Hills, Henry 
Jm Moody, Miss C. Guild, and Mrs. McLean. Borma bruma- 
lis Fitch, was found in great numbers by^Mr. Moody, in Mai- 
den, upon the snow, Dec. 17th, 1871, and over fifty specimens 
of both sexes were presented to the Society by him. Subse- 
quently, B, nivoriuYidua Fitch, the only other species known in 
this country, and new to the Society's collection, was obtained 
in smaller numbers and added to the cabinet by the Commit- 
tee on Jan. 21st, 1872. Many of the spechnens presented by 
Mr. P. A. Clapp are cheniUes sifflies^ carefully prepared by 
him in the manner recently suggested by European ento- 
mologists, by emptying the larval skin and inflating it in a 
current of heated air. 
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i inSHBB AND BBPnUBS. 

The labelling of the Fishes has been finished by Mr. San- 
bom, and the Reptiles remain in the same condition as they 
were last year. We have received from the Smithsonian In- 
Btitntion a valuable lot of the skins of the larger fishes of the 
coast of Massachusetts, which have already been referred to 
in the general report, 

BIBDS. 

The rearrangement of this department is proceeding rapidly. 
The attempt to place the birds according to their respective 
countries, in a grand faunal collection, has been abandoned. 
Mr. Allen devised a plan, at my suggestion, which was en- 
tirely practicable, and would have been easily completed. It 
was found, however, that the advantage to the Museum of 
having at least one of its departments arranged in faunal 
groups was more than outweighed by the disadvantages of 
such an arrangement. When assembled in faunal groups the 
systematic relations of animals are inconspicuous, reference to 
to any particular species is difiieult, and among such a multi- 
tude of birds only the fects of the range of certain species over 
certain areas is shown. It was thought best, therefore, to 
place the birds systematically, so that the groups could be seen 
and studied together, and to supplement this with small col- 
lections, which should show how certain birds are modified 
according to their geographical distribution. 

A number of valuable skins have been obtained by pur- 
chase from Mr. Kumlien of Wisconsin and Mr.Maynard, by ex- 
change with Mr. Henshaw, and by donation from the Smith- 
sonian Institution. The increase in this department has been 
more marked by the great variety and value of the addi- 
tions than by their number. The nest and eggs of 2>tfn- 
*oica castanea presented by Mr. Bailey, the eggs of the Car* 
vu$ JPlortdanua, an egg of Hoatrhamus sociabilis^ one of 
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Ardea Wurdemanni from Florida, and a fine suite of the 
eijgs of the Plectropfianes omatus from Mr. J. A. Allen, are 
among the more noticeable ; also a suite of skins of the Con- 
necticut Warbler, including a fine male in |he spring plumage, 
from Wisconsin, a fine specimen of the Mourning Warbler 
from the same locality, also in the bridal plumage ; a fine speci- 
men of the Anser frontalis of Baird, now supposed to be an 
unusual plumage of A. Gambelliy and many other additions 
hardly less rare and valuable. About one hundred mounted 
birds have been added in the course of the year to our collec- 
tion in the cases. 

From time to time the collections of unmounted skins in 
the Society's drawers have been studied, labelled, catalogued 
and arranged in their respective families. All of these, with 
the exception of the humming-birds, the birds of prey and the 
water birds, have thus been careftilly arranged. The^e are as 
follows : 23 species of Turdidae, 5 Sylviidae, 5 Paridae, 11 Tro- 
glodytidee, 1 pf MotacillidaB, 38 of Mniotiltidffi, 7 of Hirun- 
dinidae, 16 of VireonidaB, 1 of Laniidae, 4 of Amj^elidsB, 9 6f 
Ccerebidae, 64 of Tanagridae, 66 of Fringillidae, 30 of Ic- 
teridae, 16 of Corvidae, 24 DendrocolaptidaB, 22 Formica- 
riidae, 62^ryrannidaB, 32 Cotingidae, 5 Momotidae, 2 GalbulidaD 
2 AlcedinidaB, 5 Bucconidaa, and 45 Picidae. In all, 475 spe- 
cies. Some idea may be formed of the great value, when I state 
that of these no less than 150 are entirely new to our collec- 
tion, and are not to be found in our cases of mountisd birds, 
while others are only represented with a single exception, 
by a single specimen each, and all these are American birds. 

The Chairman of the Committee desires especially to ex- 
press his thanks to Mr. George N. Lawrence, of New York, 
for the assistance which he has given him in the determina- 
tion of doubtful species, and also to Mr. Robert Bidgeway of 
the Smithsonian Institution, 
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XAJOCALS. 



This collection, which is entirely composed of skins, has 
been most carefiilly watched, and is believed to be free from 
Anthreni, otherwise it is in the same condition as last year. 



XICBOSCOFT. 

This department remains in the same condition as last 
year. 

GXOLOOT Ain> HIKBSALB. 

The geological collection remains as it was last year, in 
&ir order but not in a satisfactory condition. It is hoped 
that daring the coming year the Committee will rearrange 
the collection, so as to make it more interesting to visitors 
and more- instractive to students. The Mineralogical Col- 
lection is in perfect condition, every specimen labelled and in 
its proper place. 

The Geological Department has been increased by speci- 
mens presented by various individuals, among which may be 
noticed a series from Mr. L. S. Burbank, illustrative of his 
paper upon the Eozoon, some lavas from Dr. S. Eneeland 
and a set of polished marbles from Mr. T. T. Bouv& A mag- 
nificent specimen of rock composed of jasper and oxid of iron, 
weighing about a ton, brought from Lake Superior, has also 
been presented by the Massachusetts Institute of Technology. 

The Mineralogical Department has been enriched by the 
presentation of various specimens during the year, of which 
may be particularly mentioned two large ones from Mr. F. 
Alger. One a huge crystal of beryl, the other a mass of 
rock, containing numerous beryls large and smalL These 
were both brought from the town of Grafton, N. H., many 
years since, by the late Mr. Francis Alger, father of the donor. 
They will soon be properly placed in our entrance hall, where 
they will be objects of much interest* 
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There have been bat few donstaons to the coUeotion ; the 
moft important are 60 specimens of coal plants from Alle^ 
ghany Co^ Va^ by Albert Ordway, and 40 specimens of coal 
shale organisms from Newcastle-on-Tyne, by Bev. B. 0. 
Bolles. 

The condition of tbe spedmens in the collection has been 
greatly improved through the labors of the President, Mr. T. 
T. Bonv6, The Paleozoic fossils have been moonted upon 
tablets, the labels revised, and the spedmens airanged, so as 
to make them more instructive to the public. 



Beport of £. Pickering, Treasurer, on the Financial AEeaxa 6f the 
Sodety, for the year endii^ April dOth, 1872. 



Dlridends and Interest 

Conrtis Fund Income 

8. P. Pratt Fund Income 

H. F.WoIcott Fond Income 

Walker Fund Income 

Walker Prlie Fand Income 

Bnlflnch Street £8tate Fond Income • • . . 
Annual AMeeaments •••••••• 

A^miasion Feef 

J. Cumming'B Donation 

C. J. Bpnufue $200. Other rabeoriptlons $99 J6. . 
W. H. D9&, Bequest for Entomological Section. 

Total 

Museum and Fomitare • • . . • • • 

Cabinet 

Librarj • • • . • 

Publications and Printing • • . • f2,9M^ 
Lessieceipts 760.75 

Fuel ~ \ 

• Bepairs of Museum .....••. 

Taxes 

Salaries 

Gas 

Lectures * 81,815.60 

Less Subsidy of Lowell Inititate . . XaooxX) 

Teachers' School of Sdenee • 

General Expenses 

Walker Priae Fund Inoooie 

XzoeHof Beoelpti OT«r Sspndiftiivat • • 



•9,481.<a 

006.58 

820.00 

476.76 

2,466.80 

266.20 

2«516.00 

1,826.00 

126.00 

060.00 

2W.26 

500.00 



fl9.8iL7l) 
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The foUomng is a statement of the Property of the Society, ex- 
clusive of the Cabinet and Library. 



Museum Building, 

Cost of Bnflding and Fnniiture 

Bulfinch St. Estate Fund, 
lao Shares Chicago, BqpI. & Quinoy B. R. Co. . 
84 " Tremont National Bank. . . . 
2 " Globe " "..*•• 

12 *' Ogdensbcurff fr Lake Ghamplain B.JEL, Co. 
preferred . • • • _ u • * 
19 " Fhlla., Wilmington k Bait. R.B. Co. . 
Walker Fund. 

Notes secnred by mortgage 

Walker Prize Fund, 
14 Shares Vermont & Canada R.R. Co. ^ ,^. „ • ^ • 
29 " Philadelphia, Wilminffton k Bait. R.R. Co. 
10 " Ogd. k Lake Champlain R.R. Co. Preferred. 

Cash 

Courtis Fund, 

60 Shares Globe National Bank . . u ..*««• ^ ' 
86 Shares Philadelphia, Wilmington k Bait. R.R. Co. 

tiOO U. 8. &-20 Bonds 

S. P. Pratt Fund, 
68 Shares Philadelphia, Wilmington & Bait. R.R. Co. 
60 " Norwich k Worcester R.R. Co. . 

10 " National Webster Bank 

6 " Boston National " 

H. F. Wolcott Fund. 
60 Shares Phlladelnhia, Wihnlngton k Bait. R3. Co. 
28 " Ogd. k Lake Champlain R.R. Co. 

General Fund. 
17 Shares Bates Manufttcturing Co. 
86 
80 
80 
18 

2 

8 

4 

1 

8 

2 

2 

1 
12 
19 
18 

6 
141 
96 
60 
60 

20 
26 
60 
6 
16 



Everett Mills 
Hamilton Woolen Hills 
Washington Mills . 
Cocheco Manuf. Co. 
Lowell Manuf. Co. 
Laconia Manuf. Co. 
Pepperell Manuf. Co. . 
Amoflkeag Manuf. Co. . 
Essex Coun^ Manuf. Co. . 
Manchester Print Works . 
Merrimack Manuf. Co. . 

New England Glass Works. 
United States Hotel Co. 
Neptune Ins. Co. . 
Boston Ins. Co. . 
Washington Ins. Co. . . 
Vermont and Canada R.R. Co. 
Michigan Central R.R. Co. . 
Ogdensb'g & Lake Champl'n R.R. 
Phfladelphla, Wilmington k Bait. 
Boston k Lowell R.R- Co., . 
Norwich k Worcester R.R. Co. 
National Bank of Redemption 
Tremont National Bank 
Atlas 

Globe " " 

National Webster " 



Pref. Stk. 
R.R. Co. 



9188,989.94 



tl6,880.76 

10,122.00 

257.12 

1,281.60 
1,088.75 



41,106.00 



91,429.25 

1,582.92 

1,077.00 

825.64 



•6,260.00 

1,827.50 

425.00 



•8,057.26 

6,212.76 

1,072.76 

667'*" 



•3,277.70 
8,081.25 



•1,700.00 

8,600.00 

7,500.00 

8,000.00 

7,800.00 

1,800.00 

8,228.69 

2,850.25 

1,400.00 

405.00 

1,550.00 

2,220.00 

620.00 

1,200.00 

8,160,00 

2,160.00 

960.00 

14,185.00 

10,968.00 

5,162.75 

2,782.60 

1.554.26 

5,150.00 

2,465.25 

8,155.01 

6,046.75 

771.88 

1,684.00 



•188,969M 



28,080.12 
41,106.00 



4,864.81 
8,602 JO 

10,000X10 
6,808.90 



108378.96 



Carried forward 



•810,735.96 
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Bi<Murht lonrard . H 

Mitcellantout, 
Unsettled AooonntsBeoelvaUe • . UKM 
Cuh •8,148.42 

Len Acoount FATftble 

TotalVftlueof Property April 80, 1872. . . . 



•810.726,26 



^601.64 2,087.70 



•8^79196 



In addition to the abore, the Society possesses a Cabinet and Li- 
brary of inestimable yalue. 

All which is respectfully submitted, 

£. Pickering, Treasurer, 
Boston Society of Natural History. 
BostonjApra 80,187$. 

The following were then elected officers for 1872-1873 :— 

PBZsiDXirr, 
THOMAS T. BOUy£. 

YIOB-PBXSIDKITS, 

CHABLES T. JACKSON, M.D., S. C. GREBNLEAF. 

COBBXSPOSDDrO BXOSXTABT, 

SAMUEL L. ABBOT, MJ>. 

BSOOBDIVO BBOBXTAST, 

EDWABD BUBGESS. 

' TBSASUBXa, 

EDWABD PICKERING. 

UBBABZAir, 

EDWARD BURGESS. 

OUSTODLAJr, 

ALPHEUS HYATT. 
oomaTTxn ov dxpabtmbstb. 
Oeology» Mintrali, 

W. H. NiLss, Tbokas T. Bomri, 

W. T. BBioHAJf, Ghablxs T. Jaoksov, M JD., 

T. T. BOUVlL L. S. BUBBAVS. 

Botanff, PalcDOfnidhgy. 

Wk. T. Briohasc, T. T. Bourft. 

Cha&lkb J. SFRAona, K. S. Shaleb, 

J. A. Lowell. W. H. Nilv. 

Comparative JncOomy, Radiaie* and Cnuiaceam^^ 

Thoxas Dwioht, Jb., M J)., A. S. Packabd, Jb., MJ)«, 

JxFFBiss Wtkah, MJ>., a. E. Vxbbill, 

J. C. Whitx, M J>. Albz. . 
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MoUutki, Imeoti. 

£dwabd S. Mobsb, ' F. G. Sakbobh, 

John Cxnoavoa, A. 8. Packard, J&., M.D., 

Lbyi L. Thaztzb. Edwabd Burgess. 

Fishea and BepiUe8. Mrds, 

F. W. PnTBTAX, Thokas M. Brewsr, MJ>., 

D. H. Storrb, MJ>., Samuel Cabot, M.D., 

8. Kkeelabd, M.D. J. A. Allek. 

Mammah, Mieroaeopy, 

J. ▲. Allebt, Edwht Bicknell, 

Thomas Watebjcait, Jb., M J>. B. C. Gbeeitlbav, 

J. B. 8. Jaokboit, M J>. B. Jot Jefvbebs, M J). 



May 15, 1872. 

The President in the chair. Thirty-three persons present. 

Dr. S. Kneeland read extracts from a letter from Mr. John 
Muir, on the effects of the earthquake of March 26, 1872, in 
the Yosemite Valley. 

The earthquake storm in the Yosemite began Tuesday, March 26, 
1872, at 2 1-2 A.M. People were shaken out of bed, and the floors shook 
like the deck of a vessel at sea. First shock lasted about three minutes 
and with great energy and motion, undiminished to the end. For 
the first minute no sound but the agitation of the trees. Expected 
*^ Sentinel Rock," a high isolated pinnacle, would fall, but at last 
firom the south side of the valley opposite Yosemite falls, there came a 
tremendous sound. Eagle Bock had fallen two thousand feet, and 
was pouring in an avalanche of boulders over precipices, and through 
forests of fir and spruce, filling the valley with a smoke of fire and 
rock dust, and countless reverberations and echoes. Sky clear and 
moon bright, so that the outlines of the rocks, trees and meadows 
could be plainly seen; trees greatly agitated, in strange, indeterminate, 
motions; frogs silenced for the time, but before the dust.had settled, 
or the echoes had died away, an owl began to hoot from the very 
edge of the fallen rocks, as if unconscious of any extraordinary dis- 
turbance. River soon after was.found to be muddy from portions of its 
banks shaken into it, but otherwise flowed as peacefully, in the same 
direction, as ever. Upper Yosemite did not seem to show the slight- 
test agitation. 
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First shock followed at intervals of a few minutes by sliarp concns- 
eions, each attended hj gentle undulations, and by occasional smooth 
rumbling sounds from deep in the mountains, in a northern direction, 
not always readily distinguishable from the heavy sounds formed at 
the foot of the Upper Tosemite. Second well defined shock about an 
hour after first, followed by another rock avalanche from the r^on 
of Eagle Bock. A third severe shock, a few minutes after sunrise, 
in which the movements were less sharp and quick, and a few lateral 
and vertical joltings, followed by a series of short undulations or 
quiverings, causing the light-branched and leafless oaks to whip their 
upper branches as if struck by a powerful force near the ground. 

Bocks of size of thirty feet in diameter downward, coming to rest 
at a long rough slope at the foot of the vertical wall, covering a pop* 
tion of a larger slope made centuries ago, destroyed a great num- 
ber of trees, firs, pines, spruces, maples, laurels, etc., filling the air 
with a balsamic fragrance from their bruised trunks and branches. 
Trees four feet in diameter broken clear across in lengths of ten to 
fifteen feet, and cast in drifts like straws; others battered and flat- 
tened like crushed sugar canes; some had their tops cut smoothly off 
seventy to one hundred feet from the ground by large fragments 
bounding above the main avalanche like the spray of a water faU. 

Other avalanches occurred in Indian Canon, on the west side of 
the Cap of Liberty, and in Dlilouette Canon. The walls were not 
more changed by this earthquake than Mirror Lake by a passing 
storm. Only visible changes, a few whitish, fresh rock patches on 
the dark walls, and a new small nx^ front, capped with spires, where 
Eagle Bock fell. The day following was cool and calm and bright; 
animate nature appeared the same; some two or three were fright- 
ened out of the valley. Innumerable shocks during the 26th to 27th, 
but not more than fifty were noticeable, unless by persons watching for 
them. 

First shock by fiur the most severe. Watched the movements of a 
pail of water for hours* Noticed vibrations of considerable regular- 
ity in a north and south direction, seeming to be produced by im- 
pulses from the north acting horizontally, with the velocity of a blow. 
North and south vibrations constantly interrupted by impulses which 
seemed to proceed mostly firom an easterly direction. A few circular, 
twisdng motions were noticed; the surface of the water also at times 
dimpled and trembled as if receivii^ a succession of sharp blows horn 
below. The rumbling under-mountain sounds were distinctly heard 
by everybody in the valley, and always as coming from the north. 
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Dr. 0. T. Jackson referred to the Bingnlar fact that deep 
mines in Califomia are never affected by earthquake shocks. 

Dr. B. J07 Jeffiies spoke o^ and explained the usual 
methods of testing patients for color blindness and inter- 
mptions of color perception in the visual field in disease. 

He also exhibited and explained a model of the instrument for 
testing color blindness, shown by Woinow at the last Heidelberg 
meeting of ophthalmologists. This consists of an apparatus with a 
rotating disk, whose centre is black and white, next outside a ring of 
red and green, next a ring of violet and red, next outside of violet 
and green. When rapidly rotated the centre appears of course gray, 
i. €., of black and white mixed. The outer ring will also appear gray 
to the red blind patient, as he can perceive gray from the two colors 
presented, violet and green. The middle ring will appear gray to the 
green blind, since he can see gray by the mixture of violet and red. 
The inner ring will appear gray to the violet blind, as red and green 
give him gray. Color blindness is the loss of perception, in whole or 
part, of one or more of the three energies which we call red, green 
and violet. Since the experiments of Maxwell, Helmhok and other 
physiologists are agreed that ih^e must be taken as the three base 
colors of light Dr. Jeffries also spoke of some cases of congenital 
microphth^dmos, where, although the globe was only minute, and the 
place of the cornea a slightly bluer shade than the sclerotic, yet the 
finest shades of color could be detected, whilst vision as to shape and 
form was veiy defective. 



Section of Entomology. May 22, 1872. 
Mr. B. P. Mann in the chair. Ten members present. 

Mr. Burgess read a letter from the Executor of the will of 
the late Wm. H. Dale, announcing the bequest of his insect 
cabinet and the sum of five hundred dollars to the Section. 

Mr. Mann spoke of the activity of Bruchua granaritta in 
the pupa state. The larva is very injurious to the co£Eee- 
bean in South America. 
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Mr. Morrison exhibited speoimens of a yellow variety of 
Pieria rapce^ the Cabbage butterfly. This variety does not 
occur in Europe. 



June 6, 1872. 

The President in the chair. Thirteen members present. 

Pro£ Shaler made some remarks on the effects of the ver- 
tical position in man. 

All the organs which compose the trunk viscera of man were orig- 
inated and received their important features of form and relation in 
that part of the vertebrate series where the longitudinal axis lies par- 
allel to the horizon. In this attitude the pressure of the several 
organs one upon the other is very slight The lungs, heart, liver, 
and the abdominal viscera, the uterus especially, are weighed upon 
by no other masses. Their own weight impels them against the 
elastic abdominal face of the body. When, however, the needs of 
the developing hand require the change in the attitude of the body, 
which takes place in man, these organs which have grown up without 
protection against pressure are suddenly brought under its influence. 
It is likely that the frequency of certain diseases of the lower trunk 
viscera, the kidneys and the bladder, may be attributed to this action. 
By far the most important effect, however, is exercised upon the 
reproductive tract. The uterus was developed in a horizontal atti- 
tude, and when it became gravid its slightly dependent position 
secured it entirely against risks of displacement through the pelvic 
arch. 

In the vertical attitude this organ, necessarily feebly attached, is 
brought into an extremely hazardous position with reference to this 
arch. The whole load of the surrounding viscera, as well as its own 
weight, tends to bring about an evagination. Something of the same 
risk, though in a less degree, threatens the anal section of the ali- 
mentary canal. As might be anticipated, there are great changes 
brought about in the configuration of the pelvis in consequence of 
this new danger. The integrity of the reproductive machinery most 



Digiti 



ized by Google 



1872.] 189 CSliAler. 

be muntained by tbe most vigoroos selection. There is probably no 
point in the history of the mammalian series when this action is 
more required than in the passage from the lower mammalian to the 
human pelvis. Already in the anthropoid apes we find distinct 
marks of a change to acconmiodate the needs of the heavy visceral 
mass so often thrown into a nearly vertical position. The outlet of 
the pelvis becomes more narrowed, and its sides turned in such fash- 
ion as to give a greater amount of support to the weight thrown upon 
it. In man this contraction goes still further; not only is the outlet 
made so small that the fcetus escapes with difficulty, but the brain .of 
the child is somewhat endangered by the reduced aperture and the 
compression it is subjected to. 

The conditions of the problem are more complex than would seem 
to be the case at first sight. The safety of the uterus leads to the 
smallest possible outlet through the pelvis, the preservation of the 
child tends to bring about the smallest possible skull. This is in turn 
met by the need of a large brain. This complication of needs seems 
to be met as nearly as is possible in the present state of the accom- 
modation. 

The peed of support for the abdominal viscera may account for 
some other important modifications in the human body. The change 
in the position of the sacral and •caudal segments of the vertebral 
column may be explained on the supposition that it gives support to 
the soft parts which lie above it. While the trunk was horizontal 
the caudal segments could well be spared for the purposes they serve 
in the forms which have this attitude; when, however, the pressing 
needs of the vertical trunk demand all possible support, the modifi- 
cation of the caudal and sacral elements of the vertebral column 
for the purpose of giving this support, is quite a natural change. 
The axis of the pressure from the abdominal cavity through the pel- 
vic opening is so oblique that the sacrum opposes it at nearly right 
angles. It may be urged against this view that the sacrum is so 
formed in woman as to exercise a rather less effective resistance to 
the downward pressure than in man, though that sex is in greater 
need of the protection. This objection is quite met by the fact that 
the needs of parturition would necessarily admit a less reduction 
of this opening in woman than in man. 

The change in position and character of the sacrum and coccyx 
necessarily brings about a change in the position of the female organs 
of generation; this in torn alters the attitude in copulation. Inas- 
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mncli as sexual habits are among the most fixed of all liabits, it re- 
quires some such explanation of the departure from the early 
mammalian usages in the exercise of this function. 

The comparatively smaller size of the pelvis of Europeans leads us 
to believe that natural selection may still be at work in determining 
the adjustments of the pelvis to its new relations. All the evidence 
goes to show that the extreme point of reduction of the diameters 
has been attained. When we look for other possible changes we are 
naturally led to the inquiry as to the possibility of developing a capac- 
ity in the pubic symphysis for becoming separated in parturition. 
There seems to be a strong tendency to introduce this feature in 
the female of our species. The known, mobility of this part of the 
pelvic in guinea pigs and seals, makes it seem not improbable that 
this occasional separation of the pubic bones may become a constant 
feature in the race. Though the aid it can give in parturition is 
small, the capacity for effecting this separation in the pelvic girdle 
would unquestionably make it possible to get a larger head through a 
smaller pelvic opening than we could otherwise do; unless, however, 
this weak articulation could be formed just before parturition, and 
strengthened afterwards, the disadvantage to the motor fanctions 
would quite counterbalance the advantage. It seems possible that 
this temporary relaxation of the' symphysis pubis may, in turn, 
afford a line df partial relief from some of the serious inconveniences 
which menace the females of our race. 

The relations of the whole question of pressures in the upright 
position of man to the hygiene of the body, and to the future of the 
race, are of the utmost importance. The rapid and almost excessive 
contraction of the pelvis shows that one sex at least has found the 
vertical attitude one of considerable danger. It seems not unlikely 
that this may furnish a potent argument against any change in our 
social system which, tends to put a larger amount of labor upon 
woman. 

An attentive consideration of this whole matter will show us that 
it affords an admirable exemplification of the real limits of selection 
in the work of differentiation. As long as the body was horizontally 
disposed, selection could have but slight influence upon the pelvis; 
with the new needs of the upright position it became immediately 
the seat of intense selective action, leading to very important 
changes. This alteration of attitude, it is true, may have been 
brought about with the cooperation of selective action; but the 
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whole of the hereditary inflaences existing in the creature and tend- 
ing to determine its mental constitation, have had a large part in the 
work. It was the intellectual needs which gaye the hand. In get- 
ting the hand, a new attitude was forced on the body, and with this 
change, the result of intellectual needs, came a new series of selec- 
tive actions. The inherent possibilities of intellectual development 
haTC been the guiding agents in this series of changes. Selection 
has condemned the failures, and so strengthened the successes in the 
struggle for better things. 

Dr. G. A. Maack gave an account of the geology of the 
Isthmus of Ghoco, of Darien and of Panama, which he sur- 
veyed during the year 1871^ in behalf of the United States 
Groyemment. He. exhibited a large number of photographs 
and lithological specinTens to the Society, and presented the 
latter collection to the Museum. 

Dr. Maack gave a detailed description of the geological 
structure of both the Atlantic and Pacific sides of the Isth- 
mus, ^e pointed gut that the mountainous system in the 
Province of Choco, near Limon Bay, which opens on Cupica 
Bay, has a geological character different from that of the 
Tuyra and of the Ghucunaque regions in the Province of 
Darien, while the latter mountains differ by their parallel 
arrangement, as well as by their petrographical composition, 
from those between Panama and Aspinwall. Consequently 
the whole Isthmus consists of three systems differing from 
one another. The rocks of these three systems belong to the 
Tertiary period, and are of a volcanic character. They dif- 
fer in this respect, that the mountains of the Province of 
Choco consist principally of propylite, the oldest tertiary 
volcanic rock, while the mountain ranges ia the Province of 
Darien are fonned of andesite, and the various peaks and 
domes between Panama and AspinwaU of trachyte and dol- 
erite. 

Dr. Maack called attention t^ the fact that the San Bias 
Cordillera on the Atlantic side, which lies between the Prov- 
inces of Panama and of Darien, consists of granite and sye* 
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nite, like the Cordilleras of South and of North America. He 
said farther, that tertiary strata filled with shells exist on the 
Atlantic side of the Isthmus, as well as on the Pacific side, 
and stretch across the Isthmus. These palasontological facts 
prove that up to • the Pliocene period both oceans mingled 
their waters. 

Dr. T. M. Brewer called the attention of the Society to the 
remarkable abundance of the Bay-breasted Warbler, 2>C7t- 
draica cdstanedy both in the vicinity of Boston and in south- 
ern Wisconsin, the present season. 

They were observed in large numbers by Mr. Wm. Brewster, Mr. 
H. W. Henshaw and others, and quite a number of specimens ob- 
tained. Mr. Brewster thinks he met with as many as fifly individ- 
uals in a single forenoon. They were present in considerable numbers 
during the 26th, 27th and 28t£ of May. All our earlier writers speak 
of this warbler as one of our rarest birds, and it has been only for a 
few years known to be abundant in the northern parts of Maine dur- 
ing the breeding season. * 

In Wisconsin this warbler appears to have been equally abundant. 
Mr. Eumlien writes: *<The D, castanea^ which used to be a rare 
bird with us, except in the latter part of August and in September, 
when they return with their families, has this week been very 
abundant; almost any number could have been had." 

It is an interesting problem to solve the question, why this bird, 
usually so very rare, almost unknown along this parallel of latitude, 
should this season be so very abundant, probably from the Atlantic 
to the Mississippi? The hypothesis of Mr. Brewster is at least a 
possible explanation, which is that this species ordinarily makes its 
northern migrations in long extended flights, in which it passes over 
large tracts of country without making any pause. It passes north 
quite late; is one of the very last of the migrants, and passes on to 
its breeding places without remaining or pausing in the section. 
For some reason, not to be so easily explained, it has been induced to 
deviate firom its usual routine, and has found it convenient to make 
a stopping place both with us in southern New England and in Wis- 
consin. 

In partial confirmation of this theoiy Dr. Brewer read an extract 
from Mr. Salvia's paper in the ^ Ibis" for April, 1872. showing that 



Digiti 



ized by Google 



187S.] 193 [Holden- Aiken. 

this species, in common witli the Mourning Warbler; Geothlyph phUa- 
delphkiy never occurs as a winter visitant at any point of Central 
America north of Costa Rica. 

Dr. Brewer communicated the followbg paper from the 
anthoHL 

NOT^S ON THE BiBDS OF WyOMINO AlH) COLORADO TeRRITO- 

BiEs. Bt C. H. Holden, Jr. ; with additional Memo- 
randa .bt C. E. Aiken. 

The following interesting notes were prepared for my own private 
perusal, and not designed for publication. They are possessed of too 
much interest to be withheld, embodying as they do the careful observ- 
ations of two promising young ornithologists, who have explored, 
at difierent seasons of the year a comparatively new field. I should 
add that these notes were prepared, simultaneously, but without con- 
sultation, as the writers were a thousand miles apart when they were* 
written. Mr. Holden's visit was made in summer, Mr. Aiken's ex- 
perience between November 1st, 1871 and May, 1*872. The notes of 
the latter are in quotation marks and si^ed C. E. A. T. M. B. 

The birds and eggs upon which these notes are written were found 
in the immediate vicinity of the '^ Black Hills" in the northern part 
of Colorado and southern part of Wyoming Territories. That so few 
eggs were obtained is accounted for by the fact tlvat my collecting did 
not begin until the 10th of June, 1869, and although many nests were 
found, yet nearly all contained young birds, instead of the wished for 
eggs. I am of the opinion that nearly all of the e^s are of the 2d 
incubation, with perhaps one exception, {PipUo chlorurus), and I 
have no other reasons for believing that is not, than the condition of 
the plumage. 

The character of the region of Sherman, which is 8000 feet above 
the searlevel, is dreary in the extreme. It consists of several level 
plateaus, interspersed with '* cafions*' and meadows. I found no birds 
plentiful with the exception of the Rusty Black-Birds, and it was dif- 
ficult to obtain more than four or five specimens in a day. 

The following specimens, fully identified, are with one or two ex- 
ceptions, in my collection. 

1. TurduB migratoritifl. Robin. 

Robins were quite conmion. I never observed them at any great 
distance from the brooks along which they breed. I found a number 
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of their nests, differing in no particular point from eastern birdi 
except in that they were made of sage brush, straw and mud; the eggs 
were similar in many instance to eastern specimens, although at first 
they seemed a little darker. 

" Not common during the winter; very abundant from the middle 
of March to the first of May, at which time they b^gin nesting." 

— C. E. A. 

2. OreoBCoptes montazius. Mountain Mocking Bird. 

These are rare, only five or six specimens were observed in the course 
of my collecting, they sing exquisitely, their actions are similar to the 
Brown Thrush. They remain concealed during the middle of the 
day in some low thicket and on the approacb«of evening the males 
mount some high point and sing until after dusk. I have heard them 
making their way through thick underbrush in the middle of the dajr; 
while so doing they made a short clucking noise not unlike some notes 
of the Cat-bird, M. carolinus, 

3. Hydrobata mexicana. 

' . ** Not common. Found about springs all winter." — C. E. A. 

4. Sialia sialis. 

Since this Vas in > type Mr. Holden has taken one specimen near 
Fountain, Colorado. 

5. Sialia mexicanai Western Blue-bird. 

^ Began to arrive about March 15th, since which I have found them 
rather <ionmion among scattered timber in the foot-hills. At this date 
(May 4th), they are seen in pairs. Iris dark brown." — C. E. A 

6. Sialia arctica. Rocky Mountain Blue-bird. 

These beautiful birds were common and their action and habits are 
almost identical with our eastern bird (Sialia sialis) ; they seemed to 
breed in any place that was convenient. I found one nest containing 
four eggs in an old car wheel, another in a deserted woodpecker's hole 
about six inches from which Uved a pair of Bed-shafted Flickers and 
their family. The male birds perch themselves on any high point and 
sing as if they thought every note would be their last. Their song 
is truly mournful, and consists of several low notes uttered in quick 
succession ; it can be heard a long distance. 

'* Saw and killed the first specimen, February 18th; firom that date 
they continued to increase in numbers till the last of March, at which 
time they were very abundant. * They migrate in large flocks, some- 
times of hundreds, but separate into purs about May 1st. The call* 
note is similar to that S. sio/u. Fiefeis an open country. Iris dark 
brown."— C. E. A 
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7. BegnlnB calendula. 

** Saw a small flock in the foothills last November, but have not since 
met with it."— C. E. A. 

8. Begulus satrapa. 

** First seen April 2dd. Rather common." — C. E. A* 

9. Iiophophanes inomatas. 

^ Common winter resident Gregarious during the first part of win- 
ter, but since January seen only singly or in pairs." — C. E. A. 

10. " Farus septentrionalis." 

** Conmion among bushes along creek bottoms all winter. Habits 
and notes precisely similar to those of P. cUricapUliis. with which it 
would seem to be identical." — C. E. A. 

11. Faros montanus. 

*' Seen in small flocks occasionally through the winter. Frequents 
shrubs and bushes on the mountain sides and is never found on the 
low lands. Iris dark hazel." — C. E. A. 

12. FsaltripaniB plumbeas. 

<' Small flocks seen occasionally through the winter. Frequents 
shrubs and bushes in the foot-hills. Iris in the male browu, in the 
female yellow."— C. E. A. ^ \ 

13. Sitta aculeata. 

" Common winter resident, probably breeds in the mountains. Hab- 
its precisely like those of 5. carolinensis* Notes differ slightly. Iris 
dark brown."— C. E. A. 

14. Sitta pygmsa (Vig.) 

*^ Common winter resident; most common during Dec. and Feb. 
Seldom seen afler the first of March. Gregarious during winter. 
Begin to pair about the middle of April, actions similar to those of 8. 
carclinensis. They search for food with the most determined persever- 
ance among the branches of tall pine trees, creeping rapidly from 
one limb to another and peering earnestly into every crevice for insects. 
It is frequently seen perched upon a limb, and striking it with its bill 
after the manner of the woodpecker, moving its whole body and using 
its wings to increase the force of the blow. Seldom seen on the main 
trunk of the tree. While searching for food the whole flock keep up 
a continual twitter. Iris dark brown." — C. E. A. 

16. Salpinctes obsoletus. Rock Wren. 

In certain localities these birds were quite common. I saw many pairs 
with their young birds just able to fly. They prefer a cluster of rocks 
for their nest; this is merely a few sticks and bits of moss put care- 
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lessly together. One was placed under a rock as large as a doghouse, 
and in it were four young ones which scampered off while I was 
removing the rock. The birds become chapped and ragged, and 
present an odd appearance. 

16. Catherpes mexioanuB. 

" Quite a rare resident in the winter. Found only in the mountains 
among large masses of rock, on the faces of cliffs. Has a peculiar 
note which one might easily mistake for the chirping of a cricket. Iris 
dark brown."— C. E. A. 

17. Troglodytes aedon. House Wren. 

As I was passing by a low hut dug into a hill, on the 25th of July, 
1869, I saw a pair of these wrens enter the door or opening. I fol- 
lowed them but could not find them; as I turned to go out both birds 
passed me into the open air. I watched them several days and saw 
them go in with flies and bogs in their bills, so I entered again and hid 
myself in the large chimney; the birds came in and I saw one go 
into a small hole in the roof of sage brush. I put my hand in the hole 
and found there were five young ones. I remained in that vicinity 
some time and soon saw the young follow their parents. 

18. Troglodytes Farkmani. 

** Saw a pair, April 29th, in a bush heap.** — C. E. A- 

19. Cistothorus palastrls. 

♦' Saw it common at Canon city, April 27th.'* — C. E. A. 

20. Anthus ladoviciaaas. 

<* Saw an immense flock, May 13th, since which I have not met with 
it" — C. E. A., June 9th. 

21. Helminthophaga celata. 

<* First noticed May 2d. Bare at this date (May 4th). Afterwards 
common for a short time.'* — C. E. A. 

22. Helminthophaga Yirginisd. 

* ^ First seen May 2d. A fine singer usually found singly on hill sides 
covered with brush.*'— C. E. A. 

Since the above was in type Mr. Aiken writes that he has taken 
the nest and eggs of the species. It was on the ground concealed in 
a depression, in the manner of H, ruficapilla, 

23. Fariila americana. 

*^ A single specimen killed May 11th. None others met with.** 

""^O. jDi.A« 

84. Bendroica coronata. 

*' Bather uncommon. First spedmea killed April 29th.'' 

-^C* £• A* 
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S5. Dendroioa andnboiiL Audnbon's Warbler. 

These were rare, owing perhaps to the lack of small trees and 
shrubs such as they prefer; several were shot on the rocks where they 
acted more like Wrens than Warblers. I could not discover any of 
their nests though I searched long for them. 

*^ Bather common along the creeks in the foot-hills. First specimen 
secured April 16th.-— C. E. A. 
.26. Dendroioa nigresoeiiB Bd. 

" Took a male, May 6th, and on May Slst I secured a paur. 
Fouud on the cedar hills." — C. £. A. 

27. Dendroioa eBgjtiva. 

Arrived May 6th. Abundant along the creeks. 

28. Gtoothlypis triohas. 

*^ Arrived May 5th. Conmion in damp places covered with bushes 
or grass.** — C. E. A. i 

29. G^eothlypis maogillivrayii. 

'* Found sparsely in about the same places as the preceding. First 
seen, May IZth."— C. E. A. 

80. Icteria longioauda. 

''Arrives about May 5th, and soon becomes very common in the oak 
and cotton-wood thickets, on creek bottoms. Sings day and night." 

— C. E. A. 

81. Myiodiootes posiQns Bon. 

'* First seen May 14th. Common for about ten days." — C. E. A. 

82. Betophaga rntioilla. 

^ Saw a pair May 21 st, and have noticed several others since." 

— C. E. A. 

88. Petroohelidon Innifirons. Bepublican Cliff Swallow. 

On my way westward I saw several pairs of these birds breeding in 
the eaves of almost every station house. I found large numbers breed- 
ing in the hills. They were invariably in colonies; on one occasion I 
found a small number breeding on an almost perpendicular cliff about 
600 feet from the ground. I made my way to the top and by means 
of bushes, I let myself down upon a small projection about ten feet 
from the nests. Some were not completed and the birds flew down to 
lite brook, and returned with small balls of mud, which they placed on 
their habitations and went back at once formore; after watching them 
awUle I broke a portion from one of the nests. The birds on return- 
ing from the stream, fluttered before it for awhile and both birds rose 
L in the air and did not rekom for some time. The next day the 
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nest was repaired. I can see i^o difference in either thftlurds, nests, 
or eggs, from our eastern specimens of the same species. 

«* Common at Canon City, April 27th."— C. E. A. 
. 84. Hirundo horreonun. 

These were not common. All that I saw were nesting in deserted 
cabins and * dug outs.' I found young birds able to fly, and eggs 
which had been deposited but a few hours in the same hut; one nest 
in my possession is constructed principally of antelope hair. 

«' Also common at Canon City, April 27th.'' — ^C. £. A. 

86. Cotyle riparia. 

«* First noticed April 26th.''— C. E. A. 

86. Vireosylvia swalnsoni. Bd. 

*' Arrived May 23. Conmion everywhere." — C. E. A. 

87* Vireosylvia plumbea. Coues. 

'* Secured a specimen May 18th, since which I have taken several 
others."— C. E. A. 

88. Ampelis gamilus. 

** Rare in winter in the foot-hills, probably common in the moun- 
tains.'*— C. E. A. 

89. Ampelis cedromm. 

** Noticed only two or three times and in the earlier part of the 
winter."— C. E. A. 

40. Myiadestes townsendi. (Cab.) 

*' Common all winter. Shy and retired in its habits, inhabiting 
canons or hillsides covered with cedar or piiion shrubs. Feeds during 
winter mostly on cedar berries, but on bright warm days it is often 
found on the ground beneath some bush, searching for insects. It is 
a beautiful singer, combining in its song the notes of the Wood Thrash, 
Baltimore Oriole, and Western Lark. Strange to say it sings only 
during the early winter. The males select their mates about the last 
of April. Iris dark brown."— C. E. A. 

41. Collorio borealis. (Bd.) 

*^ Noticed occasionally through the winter. Last seen March 218^* 

— C. E. A. 

42. Collurio ezcubitoroides. (Bd.) 

'^ First noticed April 5th, on open prairie. Very shy." — C. £. A. 

48. Pyraaga Indovioiana. Louisiana Tanager. 

'^ I was fortunate enough to secure a fine pair of the birds. Though 
I saw several males, I saw but oae female which I shot. The few that 
I saw were all on the very low bushes, and acted very much as our 
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common Tanager (P. rvbrtx) does. I am sure tihey breed here, 
though I did not find the nest. The crops were filled with insects and 
small seeds. The male was shot in August and had a very fine plum- 
age. 

" Arrived May 12th. Common for a short time." — C. E. A. 

44. Hesperiphona vespertina. Bon. 

'^ Saw several, Jan. 20th, in the foot-hills. They were very unsus- 
picious, and allowed me to approach within a few feet of them. Was 
first attracted by their clear loud whistle." — C. E. A. 

45. CarpodacuB cassinii. Bd. 

*^ First noticed last Nov. in vicinity of Pueblo« Found them abun- 
dant at Canon City, April 15."-— C. E. A. 

46. Carpodacus frontalis. 

*^ Found them common along the Arkansas Biver, April 25 and 26. 
A fine singer. Gregarious." — C. E. A. 

47. Chrysomitris tristis. 

" Saw fiock at Denver and Pueblo last November. Noticed seve- 
ral, April 26th, in company of Fine Finches."— C. E. A. 

48. Chrysomitris pinuB. 

^ Abundant in autumn and in spring, along creeks." — C. E. A. 

49. Leucosticte tephrocotis. Grey Crowned Finch. 
These birds are never found here in summer. They come in small 

flocks in the coldest part of winter. Their food is small seeds and 
insects. I have found some crops so full of seeds as to distort the 
birds. They become very fat and are good eating. In one specimen, 
a young male I think, the plumage is almost llacJCy in fact it is black, 
except the wings and afler half of the body. It is an interesting 
specimen. About 40 fine specimens were saved. I know nothing of 
their breeding places. There is no difierence between the plumage 
of the males of the first year and the females. The old males are 
very beautiful. 

** Saw and killed but a single specimen, a female. This bird was 
shot about dusk in the bed of a dry creek." — C. E. A. 

60'. Poooetes gramineus. 

*' The first specimen was killed April 18th. It was found common 
in the open country among bushes." — C. E. A. 

61. Zonotriohia gan^beli. Gambel's Finch. 

The only difiference I could see between this bird and our Z. 
leucophrys is in the song, which is beautiful and so mou^fiil it 
made me homesick. I was unable to find their nests, though I am 
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certain they breed in that locality in a neighboring thicket; here 
they roosted about four feet from the ground. Their habits are, as 
far as I observed, exactly similar to our eastern birds. 

'* Killed two about March 10th. Found in bushes along creek 
bottoms. Rather common." — C. E. A. 

62. Zonotrichia leucophrys. Sw. 

" Common wherever there is brusb." — C. E. A. 

63. Melospiza Iiincolni. Lincoln's Finch. 

While unpacking my birds on my arrival home, I came acrces 
one of these specimens. I have no note in regard to it, the birds are 
seldom found there, and I do not know anything in regard to the habits 
of the western variety. The bird is now in the collection of C. £. 
Aiken. 

64. Melospiza melodia. Song Sparrow. 

These were common, and several were saved in different states of 
the plumage. I can see no difference in the western birds from 
the eastern. 

66. Spizella montioola. Tree Sparrow. 

I have a fine male of this species shot in January, 1869. I saw none 
during my stay there, and as the above bird was sent to me without 
any notes, I can only say that it is found there in the coldest weather, 
and is not common and goes in very small flocks. 

"Abundant winter resident, but had all disappeared by May 1." 

— C. E. A. 

66. Spizella socialis. (Bon.) 

" Rather common. First seen April 21st.'* — C. E. A. 

67. Junco oregonus. Oregon Snowbird. 

A few of these straggle to this locality in very cold weather. They 
are in very small flocks and feed on small seeds, until, like the Grey 
Crowned Finch (L. tephrocotisj^ they become very fat. Two males 
in my collection were shot in Januar}', 1870. 

<* Noticed frequently through the winter, and was very common 
during March, and the first of April, but by the first of May only a 
few straggling females were seen, and soon even these had disap- 
peared."— C. E. A. 

68. Junco caniceps. 

*' Very rare during winter, but common in March, and a few remain 
at this date, (May Sd). No females of this species observed." 

— C. E. A. 
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50. Junco anneotens. 

^ Abundant daring winter and early spring. A few females still 
remain."— C. E. A. 

60. Junoo hyemaUfl. 

** None seen nntil about March 20th. From that date they were 
conunon about three weeks and then disappeared." — C. E. A. 

61. Junco hyemaliB var. Aikenii. 

^ Rare during winter. Rather common during the latter part of 
Feb. and first part of March, but before April Ist all had disappeared* 
During winter the males only were seen, but the females were most 
numerous during spring. More commonly seen singly, or in com- 
panies of two or three, than the preceding races." — C. E. A 

** The iris in each of these birds varies firom a bright reddish to a 
dark brown. The whole five races mingle indiscriminately in the 
same flock, and it is very unusual to see a flock of any considerable 
size composed of any one variety." — C. E. A 

62. Chondestes grammaca. Lark Finch. 

These were common, going in small flocks of 10 or 15 individuals, 
as our White Throated Sparrow sometimes does. They prefer the 
willows along the water courses. I could not find their nests, though 
the birds were at all times abubdant. I think the western are lighter, 
as a general rule, than pur more eastern specimens. 

63. Calamospiza bicolor. Lark Bunting. 

The first time I saw one of these birds fly up I exclaimed, ** what 
a curious Bob-o-Link" their actions are almost identical, except that 
Lark Buntings are gregarious. I found them plentiful in certain 
localities, in flocks of 50 to 100 individuals. They run rapidly on the 
ground; when feeding the males often rise twenty feet from the ground, 
and while suspended as it were in the air, they utter several pecu- 
liar and musical notes. These being finished they fly to the ground 
and continue feeding. I was not able to find their nests* 

64. Cyanospiza amoena. Lazuli Finch. 

Rare and shy. I found a pair who had a nest somewhere in the 
vicinity, but so shy were they that I could not kill them for nearly a 
week. I killed four specimens, among them one fine female. I know 
nothing of their habits beyond the fact that they fly well. They 
seemed to be at home both in the tops of small trees and in the sage 
brush, where I killed them all. I procured them all within a radius 
of fifty feet and did not observe any in other localities. 

*• First seen, May 2d.'*— C. E. A 
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66. Fipilo arctious. Sw. 

First seen April 2d. Common whereyer there is brush. The call note 
Is very unlike the ^* chewink" of our eastern species, but their song 
is similar. Iris varies in color from ochraceous jeUow to vermillion 
red. Usually lighter at outer edge. 

66. Fipilo chlororus. Green Tailed Finch. 

I never saw this bird but that I thought of our Cat Bird. I 
have seen it going through the bushes with its tail up and making a 
great noise. They go over the rocks in the same way, looking at 
every thing, stopping at the least noise, and jumping from rock to 
rock with the greatest ease. They were not conmion, though as 
many could be obtained as was desirable. I found one nest contsdn- 
ing two eggs, one of which is partly broken. The bird slid from 
her nest on my approach and did not make any complaint I have 
some specimens, evidently young birds, but whether of the previous 
year or not, I am unable to telL I think,^ however, that two broods 
are raised. 

^ First seen and killed. May 2d. Keeps in thick bushes cloee to 
to the ground, and is rather shy." — C. E. A. 

67. Pipilo mesoleucos. 

^ Saw and killed a pair on a bam yard fence, near Canon' City, 
April 16th. The owner of the place informed me that the same pair 
had been about all winter, taking refuge in the bam during severe 
weather. No others seen." — C. E. A. 

68. Eremophila comata. Sky Lark. Western variety. 

I have a fine male of the species shot in January, 1870. Their 
habits are in every way similar to eastern birds. I do not think they 
breed here. 

** Abundant winter resident. Numbers began to diminish about 
March 15th. May 1st, single birds only seen occasionally ; probar 
bly breeding, though no nests have been found." ^^ C. £. A. 

69. Molothros pecoris. 

** Saw several flocks last fall." — C. E. A. 

70. Agelaius phGenioeas. Bed-wmg Blackbird. 

A few of these were seen with the Busty Blackbirds. A young 
male was shot, showing that they breed here ; they are plentiM, no 
doubt, on Laramie Plains. 

" A common summer and winter resident. — C. E. A. 

7L Xanthocephalus icterocephaluB. 

*^ Noticed a few April 27th. Said to be a very common summer 
resident." — C.E. A. 
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72. Sturnella negleota. Western Laric 

Although I saw a number of th^se birds, I was unable to discover 
a single nest I am certain they breed here, as large numbers could 
be found at any time in June and July. They were very shy, and I 
had some difficulty in getting a dozen or more specimens. One bird 
(which was destroyed by fire on the 9th of October, in the Academy 
of Science) was almost white. It was not an albino, but was doubt- 
less rendered so by the. sun, as I have other birds affected in a simi- 
lar way. Their song is so different firom our eastern birds as to 
leave no doubt in my mind of the existence of two species. 

^'Yery common summer resident. Seen occasionally in flocks dur- 
ing winter. Notes numerous and varied, but all d^erent from S. 
magna. The songs of different individuals differ quite as much from 
each other as from our eastern variety, however." — C. £. A. 

73. Icterus bullookL Bullock's Oriole. 

I saw but five or six of the birds ; they were generally in the tops 
of the higher pines. I saw no females whatever, though I shot 
everything that looked like one. I think they breed here, though I 
was unable to find a nest I did not hear the males utter anything 
that could be called a song ; nothing except a few coarse notes. 

74. Scolecophagus cyanocephaliis. Brewer's Black-bird. 
«* Abundant in fall and spring." — C. E. A. 

75. Scolecophagus ferrugineus. Busty Blackbird. 

These were very common. I found them breeding in low, marshy 
places (which were few), and had no difficulty in getting all the eggs 
I wished, though many of the nests contained young ones. Their 
actions are identical with eastern specimens, except that many nests 
were placed on the ground, while others were on low bushes. I have 
both birds and eggs in my collection. 

76. Corvus oryptoleucus. White-necked Baven. 

*< Very common along the base of the mountains." — C. E. A. 

77. Corvus americanus. Common Crow. 

These were not common, though 1 found several pair, and their 
nests containing young ones. They build on the low bushes in the 
gulHes. On one tree I counted twenty-seven deserted nests. One 
was captured alive and made a great pet at the ** Sherman House." 

78. Picicorvns columbianus. Clark's Crow. 

Except on one occasion, I saw but very few of these birds. One 
day as I was making my way towards " Cheyenne Pass," I saw large 
flocks of these birds coming firom the south; this was in August. 
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They were very shy at timet. Hiey flew low, and again they 
mounted high in the air. I had an excellent opportunity to observe 
one fine male as he sat on a tree above me. He kept up a constant 
rattle while there, which sounded to me like the noise produced by 
drawing a stick over a slat fbnce. He was very restless, and did not 
remsdn in the same position more than an instant. I do not think 
they breed in this portion of the Black Hills, though they may in 
the more thickly wooded portions. 

" Rather common in the foot-hills during winter, but goes into the 
mountains on the approach of spring, and at this date, May let, has 
disappeared. Known here as the Pifion Jay. Usually seen hanging 
from a branch extracting seeds from the pine or pinon cones. I have 
only seen it singly." — C. E. A. 

79. Gymnokitta oyanooephala. Maximilian's Jay. 

" First seen February 20th. Have noticed them only in flocks in the 
cedar hills. They are very shy of approach, and on the report of a 
gun rise in a compact flock and fly to a considerable distance." — 
C. E. A. 

80. Pica hndflonica. Magpie. 

These were common, though shy. They breed early in June, or 
latter part of May. The nest is placed on a low bush, the young 
remain in company with their parents, and thus form a small flock. 
They devour the eggs of small birds, and seem to be very apt in 
finding them. A beautiful male is in my collection, shot in Decem- 
ber, and four young, shot June 10th, showing that they do not mi« 
grate on account of temperature. 

" Common everywhere. Feeds on seeds, insects and carrion. A 
cunning bird, generally disliked on account of its mischievous pro- 
pensities, but admired for its beautiful plumage. It is said that they 
often pick and worry a weak sorebacked animal to death, pick out 
the eyes of lambs, rob the nests of other birds, etc. It is capable of 
the most harsh and defiant tones, as well as those that are soft and 
even musical. Many notes are almost human, and it seems at times 
to be conyersing confidentially with its mate. It is easily domesti- 
cated, and may be taught to repeat words and sentences. The irides 
in specimens taken last fiskU were blue ; in all birds killed this spring 
they were brown ; in the young they are bluish gray. 

** The nest, which is quite a curious structure, is usually placed in 
a small scrubby tree about ten feet firom the ground. They com- 
mence to build about the last of March, and the eggs are laid two 
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or three weeks later. The fi>iindation of the nest is of twigs firmly- 
cemented with mud. On this is placed the nest proper, which is 
composed of finer twigs plastered with mud, and lined with fine 
rootlets. Outside of diis a wall of dead twigs is built up from 
the foundation and arched over the top ; the whole structure forming 
a rounded mass fi-om one to three feet in diameter. The entrance is 
an inconspicuous hole in the side. Full number of' eggs eight. 
Young begin to fly about June Ist." — C. E. A. 

81. Cyannra macrolophos. Long-crested Jay. 

^ Common summer and winter resident. Does not descend to 
the plains, but prefers the rough timbered country of the moon- 
tains." — C. E. A. 

82. Cyanocitta woodhousei. Woodhouse's Jay. 

" Common resident. Found along the foot of the mountains in 
brash thickets, where they breed. Nest composed outwardly of dead 
twigs, then of fine roots, and lined with fine rootlets or horsehair. 
The eggs, four or five in number, are laid about May 1st. They are 
of a light bluish-green color, with the reddish-brown specks thickest 
at the large end. Their average length is 1.06 inches, breadth 
.SOinch."— C. E. A. 

83. Tyraxmus carolinenslB. King Bird. Bee Martin. 

I saw several of these flycatchers, though they are by no^means 
common, but one nest was found containing three eggs. As I wished 
to obtain the full set, I determined to leave the nest for a few days ; 
the next day it was destroyed by a magpie. The nest was placed 
near the top of a small tree, and resembled in every particular that 
of the eastern birds. 

<' Common summer resident First seen May 5th." — C. E. A. 

84. Tyraxmus vertioaliB. Arkansas Flycatcher. 

"^ First seen May 5th, since which it has been common. Found 
ever3rwhere, but is most common about fields." — C. E. A« 

86. Tyraxmofl vociferans. Cassin's Flycatcher. 

" Found in the same places as the preceding. First observed May 
12th." — C.E. A. 

86. Myiarohus mezioaiius. Ash-throated Flycatcher. 
" One specimen secured May 21 st." — C. E. A. 

87. Sayomis sayus. Say's Flycatcher. 

'< First seen April 20th. Found generally on the praiiiesi but not 
oommon." ^> C. E. A. 
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88. Contopus borealis. Olive-Bided Flycatcher. 
« Killed a bird of tMs species May SOtk" — G. E. A. 

89. Contopus richardsoni. 

" Arrive May 6th. Very common by the 25th.'' — C. £. A. 

00. Empidonax pusillus. 
"Arrived about May 20th." — C. E. A, 

01. Empidonax obscurus. 

"A single specimen obtained May 8d, in oak brash." — C. E. A. 

92. Panyptila melanoleuca. 

" First seen at Canon City April 18tlu Specimen obtained Maj 
6th." — C. E. A. 

93. Antrostomus nuttalli. 

« Heard several on the eve of May ISth." — C. E. A. 

94. Chordeiles popetue. 

« Common. First seen May 23d." — C. E. A. 

06. Ceryle alcyon. 

« Rather a rare resident." — C. E. A. 

96. SelasphoruB platyoercus. Broad-tailed Hammer. 

These little birds were quite common on one occasion, while skin* 
ning a hawk. I threw a piece of flesh into a small dead tree near 
me. In an instant three of these birds were poised before the meat 
mistaking it no doubt for some gaudy flowers. 

But one nest of these birds was found. It contained two young 
ones about a week old. They were preserved in alcohol. The 
female was also procured. I was struck by the wisdom of these birds 
in placing their nest. A small tree had fallen over the brook^ which 
was here eight feet wide. On one of the under branches was placed 
the nest, in such a way that the trunk of the tree would eflectually 
keep out the rain and snow. The nest was lined with a species of 
cotton obtained in the vicinity. 

" Very common. First seen May 6th." — C. E. A. 

07. Geococcyx califomicus. 

^ A rare summer and winter resident. Have taken a single speci- 
men."— C.E. A. 

08. Pious harrisi. 

^ Common during winter. Rare daring sommer. Nest with fi>iir 
eggs secured May 26th." — C. £. A. 

09. Pious gairdneri. 

^ Common daring winter. None seen since April Ist." — C. £. A. 
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100. SphyropicoB varius. Yellow-bellied Woodpecker. 

I was only able to find two specimens of this bird, one of which 
had bnilt its nest in a pine stump, in company with a house wren 
(Troglodytes aedon)y who occupied a deserted hole with her family 
in the same stump. I think these birds (5. varius) are common in 
the more thickly wooded portions of this region. The birds, as far 
as I could see, do not differ materially from specimens shot in the 
east. 

101. Melanerpeserythrooephalus. Bed-headed Woodpecker. 
Of this species I only obtained a single specimen, a male. I have 

no doubt but that it breeds there, though everyone was surprised 
when I shot the bird. I can see no difference between this specimen 
and others obtained in Elinois. 
^'Common. Did not make its appearance till May 20th." — C. E. A. 

102. Melanerpes torqiiatus. 

" Not noticed this spring till May 6th. Rather common in the 
foot-hills, where they are preparing to breed (June Ist)." — C. E. A. 

103. Colaptes mexioanos. Bed-shafted Flicker. 

These birds were quite abundant They seemed to seek the low, 
short trees along the creeks and small streams rather than the large 
pines. A number of their nests were found, containing from four to 
five young ones. They nest in thetlecayed pines almost ezclusiyely, 
the female performing the greater share of the labors of incubation. 
The male cries almost constantly, and shows great anger at anyone 
approaching the nest. As soon as the young are a few weeks old 
they climb to the opening of the excavations and greet their parents 
with loud and not unmusical notes. I have often been amused to see 
five of their little heads sticking out from a hole at once. They re- 
main quite late, as the weather there is beautiful until January. 
Young ones but a few days old were found June 15 th. 

** Found in winter along the creeks at the base of the mountains ; 
in Biunmer everywhere." — C. E. A. 

104. Falco sparverius. Sparrow Hawk. 

These were quite'common. They lived on the smaller species of 
sparrows and mice. I see no difference between them and our east- 
em species, either in habits or color. 

106. Haliaetoa leucocephaltts.. Bald Eagle. 

A few were seen flying at a great height. At the station called 
" Cannon '* a £ne pair were seen which had been captured in the 
vicinity. 
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106. Bubo virginianus. Great Horned Owl. 

I was not successful in my attempts to get a full plumaged male 
of this species. They were quite common, and no doubt breed in 
that locality. They preferred the thickest pine trees, where thej 
remained concealed during the day. A full sized young bird was 
shot in August out of a pine tree. It was devouring a small animal 
at the time. Its crop was filled with pieces of birds and animals. I 
frequently saw them flying in the air pursued by a flock of blackbirds. 
They seem to have particular resting places, like some hawks, to 
which they resort to devour their prey. On being driven from one 
tree they fly to another familiar place, and then back agun. I was 
unable to find any nest. 

107. Otus wilsoniaxms. Long^ared OwL 

But a single specimen was seen and shot on a low bush. A lot of 
magpies were on the same bush, and did not seem either to molest or 
be afraid of it. . 

108. Athene hypngaea. Burrowing Owl. 

A specimen was shot with some ^'prairie dogs," though they are 
rare in the Black Hills. The above was the only one secured. They 
are very common on the lower plains. 

109. Zenaidura carolinensis. 

'^Abundant on the plains, breeding in low bushes and on the 
ground. Begin to arrive about the first of April, and are very 
abundant by the last of the month." — €. E. A. 

110. Tetrao obscuriiB. Dusky Grouse. 

There were but few of these birds to be seen during the summer, 
probably on account of their breeding. J saw several females and 
their young, which greatly resemble the young of the C ctipido 
(Pinnated Grouse). In the fall they go in flocks and rest on the 
ground, though some seem to prefer the trees. I did not get their 
eggs, but found many young ones. Their flight is similar to C. 
cupido. 

'^ Said to be a common resident in the mountains.'' — C. E. A. 

111. Fediocaetes coIuinbianuB. Sharp-tailed Grouse. 
None were seen in summer. A few seem to pass the winter 

here. A fine male shot January, 1870, is in my possession. They 
are not conmion in the hills, though they are more so on ^ Laramie 
Plains." 
'< Common in certain localities. Found in brash along the creeks." 

— C. E. A. 
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112. CentrooerooB urophasianns. S&g^ Cock. 

There are many of these in winter, thoagh they retire to breed in 
summer. They roost in circles on the ground. I have seen a patch 
of ground fifteen feet in diameter completely covered with their ex- 
crements. I think they resort to the same place many nights in 
succession, imless disturbed. I heard their " booming " several times. 
It seemed to come from a very great distance. A very fine male in 
my collection weighed four and one-half pounds before skinning. 
Their flesh becomes tainted with the sage on which they feed, and 
renders them disagreeable to some palates. 

" Common in the northern part of the territory." — C. E. A. 

113. Lftgopus lencnrus. 

" Said to be common on the Snowy Range. The following de^ 
scription of the nest was given me by an old miner, who claimed to 
hare found one near the top of the range in June. Nest composed 
of leaves and grass, placed on the ground among bushes on a side 
hill. Eggs fourteen in number, light bluish-brown spotted with 
dark brown." — C. E. A, 

114. Grus amencanus. n 

" Seen occasionally during their migrations." — C. E. A. 

116. Gnis canadensis. 

" Common during the migrations." — C. E. A. 

116. Ardea herodias Linn. 

" Common summer resident." — C. E. A. 

117. Botaorus lentiginosus. 

" A single specimen observed." — C. E. A. 

118. iBgialitis vociferus. Kill-Deer. 

I saw four of these birds around a small mud puddle which was 
caused by a recent rain. They flew off on my approach, and I saw 
no more of them. They were not common, as the country is not 
such as tliey prefer. 

"Very common since March 1st. Lay four eggs among the gravel 
in the vicinity of the water." — C. E. A. 

119. iESgialitis montanos. 

'* Found in pairs in the table lands." — C. E. A. 

120. GaUinago wHsoni. 

'< Common during the migrations. A few remain through the 
winter."— C.E. A. 

121. Becurvirostra amerioana. 

paocKKDiirGfl B. 8. s. H. — vozn ztv. 14 vmaaMBMR, 187S. 
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• 
<* Have seen a fine pair killed on the Axkansas Bhrer this Bpring.** 

— C. £• A« 

122. Tringoides xnaoularitis. 

'< Common summer resident. A few remain dmring the winter.** 

— C.E.A. 

123. Numenius longirostris. 

" Common on the prairies where it breeds." — C. E. A. 

124. BalluB virginianus. 

"Obtained a male, with its nest and seyen eggs, June 4th." C. E. A. 

125. Berniola hutohinsi. 

" Killed one specimen in December last." — C. E. A. 

126. Anas boschas. Mallard Dack. 

. One day as I was hunting something to eat, as I was nearly 
starved, I came to a small stream about three feet wide. This had 
worn a path through the meadow about six feet deep, so that the 
sturface of the water was hid from sight As I was about to step 
across I heard a great fluttering, and a large duck rose in the air, 
which I shot at once. I was surprised to find it an old firiend, in the 
shape of a Mallard. On going to the spot firom which she rose, I 
found a brood of young ducks which scampered off. I was too 
hungry to skin the duck, so I made a fire and eat it. I saw one 
other female and her brood. 

" Have observed the following ducks." — C. E. A. 

127. Dafila acuta. 

128. Nettion carolinensis. 

129. Querquedula discors. 

130. Querquedula oyanopterus. 

131. Spatula clypeata. 

132. ChaulelasmuB strepems. 

133. Mareca americaoa. 

134. Aix sponsa. 
136. Fulix afflnis. 

136. Fulix coUaris. 

137. Aythya americana. 

138. Aythya vallisneria. 

139. Bucephala americana. 

140. Bucephala albeola. 

141. Erismatura dominica. 

142. Hydrochelidon plumbea. 

" Found a dead specimen of this bird June Ist, after a severe liafl« 
storm." — C. E. A. 
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The thanks of the Society were voted to the Smithsonian 
Institution for the gift of one hundred and eighty bird-skins 
to the Society's Museum. 



June 19, 1872. 
The President in the chair. Twenty-five persons present. 

Prof. Edward S. Morse read a paper on the oviducts of 
the Terebratulina. The hearts of Cuvier were demonstrated 
to be oviducts, as Hancock and Huxley had insisted. The 
eggs, discharged from the sinuses in the pallial membrane and 
floating freely in the perivisceral cavity, were seen to gather 
at the trumpet-shaped mouth of the oviduct, and were 
watched as they slowly passed through the tube and issued 
from the extreme orifice. In conclusion Prof Morse in- 
sisted on the relationship of the Brachiopoda with the Ver- 
mes, which he had long advocated. The paper will appear 
in full in the Memoirs of the Society, Vol. n, Pt. 2. 

Mr. P. W. Putnam thought that now-a-days naturalists are 
too ready to take a single character as solving a question in 
the classification of animals, and as a caution alluded to the 
case of Lepidosiren, a genus of fishes allied by several cjiar- 
acteristics to the Batrachians, and formerly placed in both 
classes by different naturalists. He suggested that the Bra- 
chiopoda might similarly present both moUuscan and ver- 
mian characteristics, though of course he did not question 
the able observations of Prof. Morse. 

Prof Morse replied that he could not allow the Brachio- 
poda a single real molluscan feature not common to many 
other annelids also. 

The following paper was presented : — 
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Geographical Yabiation in North American Birds. , 
By J. A. Allen. 

Probably tbe birds of no eqnal area of tbe earth's surface are bet- 
ter known than those of North America^ north of Mexico, or of the 
whole continent southward even to the Isthmus of Panama. No 
museums in the world, probably, possess so large suites of specimens 
of single species as there are of North American birds in the 
Museum of the Smithsonian Institution and in the Museum of Com- 
paratire Zoology, nor from so many localities. In many instances 
single species are represented by hundreds of specimens collected at 
frequent intervals throughout their known range. Those contained in 
the Smithsonian Institution have been most carefrilly elaborated by 
Prof. Baird and others, whose reports upon them have justly ac- 
quired a world-wide reputation for their thoroughness and accuracy. 
Those 4n the Museum of Comparative Zoology have also been care- 
frilly studied. 

Briefly, then, what are the facts and tbe general results that' have 
followed the investigation of this exceptionally large amount of ma- 
terial ? What are the allowable inferences, and what general prin- 
ciples have been apparently established? To answer these ques- 
tions as briefly as may be is the object of the present remarks, — 
premising, however, that the formerly current opinions respecting the 
rank of a certain class of forms heretofore generally regarded as spe- 
cific have been radically modified. Intergradation has been fre- 
quently traced between widely different forms, a gradual coales- 
cence in scores of instances having been positively established, and 
rendered extremely probable in a large number of others. 

In North America geographical variation exhibits two mariced 
phases : — (1) a dlflerentiation with diflerences of latitude and ele- 
vation, and (2) dlflerentiation with diflerences of longitude ; which, 
for convenience, may be termed respectively latitudinal and longi- 
tudinal variation.^ In respect to both, differentiation occurs in dif- 
ferent degrees in different groups, in accordance with their general 
tendency to variation, or, as it were, in proportion to their normal de- 
gree of plasticity. In regard to variation with latitude the modifica- 
tions are apparently more general than in what I have termed longi- 
tudinal variation. In latitudinal variation the differentiation affects 
not merely color, but size and the details of structural parts, whereas 

1 See Bull. Mns. Comp. Zool., Vol. n, pp. 22^347,' ef 9eq^ April, 187L 
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color appears to be the main element affected by loDgitudinal varia- 
tioiL. llie fact of variation in size has been conceded as a general 
law by the majority of at least American ornithologists and mam^ 
malogists since it was so fully established by Prof. S. F. Baird in 1857 
and 1858, in his admirable reports on the mammals tmd butls of 
North America, published in the series of Government Reports on 
the exploration» and surveys of the various Pacific Railroad Routes. 
Prof Baird then and subsequently^ called attention toxthe fact of the 
greater length of the tail in several species of birds at certain local- 
ities, and cites instances of the larger size of the bill at southern 
points, and the paler color of the plumage of the birds of the Plains 
and the arid peninsular of Lower California. All his subsequent 
works have furnished numerous citations of similar variation with 
locality, but instead of insisting upon any common tie connecting 
these phenomena as the result of general laws, they were viewed as 
evidences of specific differentiation. The differences are, indeed, so 
great between many of the forms now known to intergrade that it is 
not surprising that they were regarded as different species when 
known from only a few examples, apparently unconnected by inter- 
mediate forms. Subsequently, however, it has been found that they 
are not trenchantly separated, intermediate forms so linking them to- 
gether that they can be only vaguely diagnosed. These connecting 
links, inhabiting — at least in the breeding season ^localities inter- 
mediate in geographical position and in climatic conditions to those 
frequented by the more extreme forms, suggest an intimate genetic 
relationship and a differentiation mainly or wholly through climatic 
influence, or the diverse conditions of environment. 

Latitudinal variation presents the following phenomena, which are 
of such general occurrence that even the exceptions, if such there 
really be, are exceedingly few. 

1. As regards Size^ There is a general reduction in the size of 
the individual from the north southward, amounting not unfrequently 
to as high as ten to fifteen per cent, of the maximum size of the 
species. The reduction is much greater in some species, and in some 
groups of species, than in others, but is almost invariably consider- 
able and easily recognizable. 

2. In respect to the BUI, The variation of the bill is somewhat 
inverse to that of the general size, as a rule the southern forms hav- 
ing generally relatively, and often absolutely, larger bills than north- 

1 Amer. Jonm. Sol. tad Arts, Vol. xu, 1866. 
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em ones, the increased size taking different proportions in different 
species and different styles of bill. Those of a stout, thick, conical 
form generally increase in general size, but especially in thickness. 
Those of a slender, attenuate form become slenderer and relatiTely 
longer at the southward, with a decidedly greater tendency to cutfa- 
ture. 

S. In respect to the Claws. A similar increase in size is apparent 
in the claws, especially in that of the hallux, at southern localities, 
perhaps less marked and less general than the increase of the bill, 
with which it CAddently correlates. 

4. In respect to the TaU. A marked elongation of the tail at the 
southward has been noticed in many cases, both in Cape St. Lucas 
birds (Baird) and in those of Florida. 

5. In respect to Color. The differences in color are especially ob- 
Tious, and may be reduced to two phases of modification : — (a) a 
general increase in intensity at the southward, and (b) an increase in 
the extent of dusky or black markings at the expense of the^ inter- 
Tening lighter or white ones ; or, conversely, the reduction in size of 
white spots and bars. Under the general increase in intensity the 
iridescence of lustrous species becomes greater, and fuscous, plum- 
beous, rufous, yellow and olivaceous tints are heightened in species 
with the color continuous in masses. Under the repression of light 
colors the white or yellowish edgings and spots on the wings and tail 
become more or less reduced, and frequently to a great degree, in 
species barred transversely with light and dark colors ; the dark bars 
widen at the southward at the expense of the white or lighter ones, 
sometimes to such an extent as to greatly change the general aspect 
of the species, as is the case in the Ortyx virginianus of the Atlantic 
States, and in other well known species. Also under the tendencj 
to the increase of dark colors, longitudinal streaks and blotches on a 
light ground increase in extent and intensity of color. 

In respect to longitudinal variation, the differences appear to be 
mainly those of color, and to hold a direct relationship to the humid- 
ity of the climate. On the' arid plains of the middle and western 
portions of the continent the annual rainfall is less than half that of 
the eastern half of the continent, while a rainy belt occurs on the Pa- 
cific coast, stretching northward from near the mouth of the Colum- 
bia Biver to Alaska, over which the annual rainfall is double that of 
any portion of the eastern half of the continent. Taking the species 
that present a nearly continental range, we find that almost invaria- 
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bly they pass gradually into the pallid forms of the interior at the 
eastern edge of the arid plains, the greatest pallor being developed in 
the digest regions, as the peninsular of Lower California and the al- 
most rainless belt along the Colorado River, and northward along the 
eastern base of the Sierra Nevada Mountains ; that on the Pacific 
slope they again reassume nearly the tints of the eastern form, but 
more to the northward, over the above-mentioned rainy region, they 
acquire a depth of color far in excess of what the species presents in 
the Atlantic region. This coincidence of bright and pale tints, with 
the relative hu6iidity of the locality is certainly suggestive, if not 
demonstrative, of the relation of cause and effect between these two 
phenomena, since the same rule is traceable over large portions, at 
least, of the Old World ; the Scandinavian forms, for instance, being 
darker colored than the conspecific races of Central Europe, and 
these again darker than those of Northern Africa and the adjacent 
regions. Humidity alone, or in conjunction with greater intensity of 
light, seems equally well to account for the increase of color to the 
southward. Yet, from the well known bleaching effect of sunlight, 
intensified by refiection, upon the colors of animals living upon 
sandy islands, and seabeaches, and desert interior regions, it seems 
doubtful whether the larger share of modification in intensity of 
color in birds may not be due to humidity alone, or to humidity and 
a high temperatiwe together, rather than to intensity of light. 

In regard to the enlargement of peripheral parts at tlffe southward, 
it seems not unreasonable to suppose that the increase of tempera- 
ture in stimulating the circulation in these exposed ntembers may 
have something to do with it, especially in view of the evidence af- 
forded by mammals, which in general present climatic modifications 
parallel with those of birds. 

Whatever may be the cause of the above modifications of structure 
and color at different localities, we certainly find the following coin- 
cidences : I. In accordance with the increase in the intensity of 
color in individuals of the same species fix)m the north southward, in 
the northern hemisphere, the brighter colored species in genera rep- 
resented in both the temperate and tropical regions occur, as a gen- 
eral rule> at the southward ; the same fact holding good also for 
sub-families. In cosmopolitan genera, faoulies, etc., the tropical spe- 
cies are almost always brighter colored than the extra-tropical ones. 
All the most goi^eoosly colored families of birds are either excla- 
sively tropical or semi-tropical, with generally the outlying species 
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more plainly colored than the ayerage for the family. IL In accord- 
ance with the increase in the size of the bill at the sonthward, all 
the species that have this member enormously developed are tropical 
or semi-tropical, not only such families as have the beak at its maxi- 
mum of development, as the toucans and hombills, but in all groups 
in which it is unusually large, the extreme development is reached in 
the intertropical regions. III. In respect to the tail, with very 
few exceptions, all long-tailed forms reach their highest develop- 
ment within or near the equatorial regions. 

The facts indicated above in respect to the inosculation of forms 
formerly regarded as specifically difierentiated, will evidently require 
modifications of the hitherto accepted nomenclature. Evidently 
many of these forms are so strongly marked that they should be in 
some manner recognized in nomenclature, though admittedly of less 
than specific rank. Most naturalists now practically recognize as 
species such groups of individuals as are not known to graduate by 
nearly imperceptible stages into any other similar group; and as va- 
rieties, such groups of individuals as occur at certain localities, or 
over certain areas, which differ more or less from other groups inhab- 
iting other (generally contiguous) localities, with which there is evi- 
dence that they do, more or less fully, intergrade. Convenience 
seems to demand' such a course, in order to enable the naturalist to 
specify what particular variety or race of a species inhabits a given 
section of country — a method, in fact, already more or less generally 
practiced. 

Finally, what is the bearing of these facts of geographical varia- 
tion upon the question of origin of genera and species ? Having 
approached the subject from a geographical standpoint, my own im- 
pression of the importance of the conditions of environment in modi- 
fying the characteristics of animals may have unduly impressed me; 
yet that they exercise a greater influence than is currently recognized 
I think must be admitted. How, for instance, can natural or sexual 
selection satisfactorily account for the occurence of pallid forms in 
arid, semi-desert regions, and of brighter colored forms in contiguous 
humid districts, or the generally increased intensity of color souths 
ward, and its maximum development only toward and within the 
tropical regions ? In many cases, it is true, the change in color may 
be protective, as it doubtless is in the assimilation of the pale tints 
of birds and other animals inhabiting arid plains to the generally 
gray color of the vegetation and the earth itself in such local!- 
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ties ; jety as the resemblance of the birds of these arid districts 
when young or in fresh plumage to those of the adjoining re- 
gions at the same season is much greater, as a general rule, than at 
the end of the breeding season, we have thus palpable evidence of 
the direct modification of color by environing conditions. Agsun, it 
is hard to see how the intenser and darker shades of the iridescence 
of the Qmscali in the South Atlantic and Gulf States, or their slen- 
derer and more decurved bill, or the greater breadth of the trans- 
verse black bars on the breast of the southern form of Ortyx virgin- 
iantju can be in the one case any more ** protective," or in the other 
give greater facility in obtaining food, than the different colors and 
the differently proportioned beaks of the northern forms of these 
species; or of what advantage the large claws and long tails can be 
at southern localities rather than at northern. The variation in 
color is not apparently any better explained by sexual selection than 
are the other modifications by natural selection, for it is hardly sup* 
posable that sexual selection* should act in so uniformly an acceler-; 
ated degree toward the southward, or so generally from arid regions 
toward moister ones. On the contrary, it is just this gradual and 
general modification over wide areas that apparently points to cli- 
matic influence as the differentiating cause. There is, further, fre- 
quently a closer assimilation of the sexes at the southward, as among 
the IcteridaSf through the greater increased brilliancy of the female 
as compared with the male, which is rather the reverse than otherwise 
of what is commonly supposed to be the result of sexual selection. 

Freely admitting, however, that both natural selection and sexual 
selection are causes of modification in the gradual differentiation of 
animals, I am led to regard them as secondary rather than primary 
elements, and that climate and other environing conditions take a 
larger share in the work than the majority of evolutionists seem will- 
ing to admit. Evidently no single law will explain all ttie phases of 
modification by descent, and in addition to those above alluded to, 
doub^ess what Hyatt and Cope, among American zoologists, have 
termed the laws of acceleration and retardation are among the other 
causes of the modification. In birds, even, phenomena are apparent 
that cannot be strictly admitted into the category of gec^raphical or 
climatic variations, but seem to singularly combine some evident fea- 
tures of this character with a retention of a few embryonic char- 
acteristics, especially in respect to coloration, of allied intergrad- 
• ing forms, as occurs in some of the birds of the middle portion of the 
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North •American continent as compared with those of the eastern 
portion. Again, in respect to insular regions, while the above men- 
tioned general laws of climatic variation are there evident, certain 
other exceptional modifications obtain, that seem to specially charac- 
terize those regions. 

A word, in conclusion, respecting hybriditj : — When comparativel j 
few instances were known, in which specimens combined in various de- 
grees the characters of two quite distinct forms, their synthetic char- 
acter was generally explained by the theory of hybridity; but the 
irrefragibility of the evidence now at hand in proof of the intergrad- 
ation of such forms over large areas, — the transition being so gradual 
as to occupy hundreds of miles in the passage, — and also coincident 
with a similarly gradual change in the conditions of environment, to- 
gether with the demonstrable evidence of the power of climatic influ- 
ence, seems to furnish a far more satisfactory explanation of these per- 
plexing phenomena. But an advocate of the theory of hybridity 
might still assume that this gradual transition over a wide area is no 
objection to the theory, since the gradual fading out of the impression 
of contact in either direction from the line of junction of the respective 
habitats of two forms is just the result that would be anticipated from 
such a sexual intermingling of the forms in question. But the real 
objection to the theory — granting the possibility of hybridization on 
such a gigantic scale, which seems really improbable — is, that 
widely different forms occur also at different points in latitude, be- 
tween which each successive stage of gradual differentiation can be 
readily traced, where hybridity can scarcely be supposed to account 
for the gradual change. Furthermore, gradual differentiation is now 
known in so many cases that it amounts to the demonstration of cli- 
matic variation as a general law, by means of which a species may be 
safely predicted to take on a given character under certain specific cli- 
matic conditions. If the theory of hybridity be urged to account for 
the intergradation of forms occurring at localities differently situated 
in respect to latitude, as has sometimes been done, it evidently falls 
under the weight it has to support; and yet there seems to be little 
better evidence in its behalf in cases where the inteig;rading forms 
happen to be differently situated in respect to longitude. 

To describe in detail, or even to give illustrations, of geogiaphical 
modification would require more space than would be proper to use 
in this connection, especially since a preliminary exposition of the 
&ct8 upon which the preceding generalizations have been based, haa 
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already been presented in two papers in the Bulletin of the MoBeum 
of Comparatiye Zoology (VoL u, No. 8, April, 1871, and Vol. in. 
No. 6, June, 1872). 

The Committee on the Walker Prizes offered their report 
on the essays presented on the " Darwinian Question," which 
was accepted. A first prize of one hundred dollars was 
awarded to Pro£ E. D. Cope ; and a second prize, fifty dol- 
lars, to B. F. Ferris. 

The thanks of the Society were voted to Mr. C. M. Tracy, 
for two fine Omithorhynchus skins. 



October 2, 1872. 

The President in the chair. Forty-one persons present. 

Dr. I. T. Hunt, Messrs. Oliver H. Perry, Chauncey Thomas 
and F. W. Lincoln, Jr., were elected Resident Members. 

Prof. N. S. Shaler gave a brief account of the geology of 
Martha's Vineyard and Nantucket. He thought there was 
unmistakable evidence of recent depression along the coast 
of these islands, and alluded to the explanation of the move- 
ments involved in alterations of the level of shore lines, 
which he offered to the Society several years ago. 

The following paper was communicated by Mr. J. A. Allen, 

Partial List or the Summer Birds or Kanawha Countt, 
West Virginia; with Ai^notations. By W. D. Scott. 

The following list gives the result of about two months of field 
work (from the middle of June till the middle of August) on the 
bird fauna of a portion of Kanawha County, West Virginia. Dur- 
ing this time eighty-six species of birds were noted or taken. In 
this connecUon I should mention my indebtedness to Mr. William S. 
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Edwards, a resident of the place, for yaluable notes and other aid. 
Coalburgh, the point at which the notes were made, is situated on 
the Kanawha Hiver, in the County of this name, about twenty milea 
from the junction of its sources, the Gauley and New Rivers. The 
country here presents many features, such as narrow valleys henmied 
in by moderately high mountains, which make the bird fauna very 
interesting. This consists of a mixture of Alleghanian and Carolin- 
ian tjrpes, and birds of other faunae were also noted, as will be seen 
in the appended list. The mountains are but a low spur of the Alle- 
ghany Range. They can hardly be called mountains, as they attain 
a height of not more than seven hundred feet above the level of the 
river. This elevation is, however, great enough to make a very de- 
cided variation in the temperature and surrounding conditions from 
those of the valley, and hence affords some interesting facts relative 
to the local distribution of the species through the same area of 
country. The birds of the Alleghanian fauna generally are found on 
the mountain sides and tops, and those of the Carolinian fauna in 
the valleys. Of course, in so small an area, birds of both tlie above 
mentioned faunae were found in either of the localities, but the 
above seemed to be the general rule. 

Certain species which have an extended range over several fauns 
were found to differ very appreciably, in regard to the intensity of 
coloring and the like, from their more northern or southern types. 
As instances, the two following may be cited as being well-marked. 
The Carolina Wren {Thryothorui Zurfot;iaanii5), which is restricted 
in its northern range by the Carolinian fauna, is very much paler 
than the Florida form of that species, and the CJuail (jOrtyx virgin- 
ianus) presents a form about half way between the Massachusetts and 
Florida forms, as regards coloring. In the list will be found other il- 
lustrations of geographical variation, 

TURDIDiB. 

1. TnrdUB migratorius. Rather rare. One specimen taken 
and two others noted. Found mostly on the mountains. Breeds. 

2. TurduB mustelinuB. Rather common and very tame. 
Found everywhere. Breeds. The song of this species was rather 
weaker than that of the same bird in Massachusetts. 

8. GaleoBCoptes oarolinensis. Common. Found mostly in 
the valleys. Breeds^ 
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SAXICOUDiE. 

4. Sialia silklis. Quite common* Found mostly in the bottoms. 
Breeds. 

SYLVIIDiE. 

6. Polioptila OSBmlea. Rare. But half a dozen were seen or 
taken during the time spent here. Breeds. 

PARID^. 

6. Faros atrioapillns var. carolinensis. Common. Found 
eTerywhere. Breeds. Smaller than our more northern Parw atrica- 
pUlus. Song much weaker and more broken. The bill averages Jn 
most specimens longer and more acute than in the true P. cUricapiUuSf 
but these are the chief appreciable differences. 

7. Iiophophanes bioolor. Common. Found everywhere, but 
most abundantly in the valleys. Breeds. 

SITTIDiE. 

8. Sitta oarolinensis. Rather rare. One specimen taken and 
four others noted. All that were seen and taken were on the moun- 
tiuns. Probably breeds. 

TROGLODYTID-ZE. 

9. Thryothorus ludovioianus. Abundant. Some were found 
on the mountain sides, but they were by far more abundant in 
the valley. Breeds. The young were taken fully fledged, the last of 
June. As before stated this species is here represented by its most 
northern form, and is much paler than individuals of the same spe- 
cies taken in Florida. 

SYLVICOLID^. 

10. Mniotilta varia. Very common and found everywhere. 
Breeds. The specimens taken average rather darker than those col- 
lected in Massachusetts. 

11. Parula americana. Quite common. Found mostly on ihe 
mountains. The yellow of the breast extends farther down than in 
the more northern form of this species. 

12. Helmithems vermivorus. Not rare. Found mostly in 
thickets along the river bank and but few on the mountains. Breeds. 
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A yonng female bird of this species was taken June 85ihy in the 
down, which had the black and brown stripes of the head dearly de- 
fined. 

13. Helminthophaga chrysoptera. Rare. A single indi- 
Tidnal of this species was taken on the mountain, and siz othen 
along the river banks. 

14. DendrCDca pennsylvanioa. Bare. Not seen till An^ 
ust, when three individuals were taken along the river banks. From 
its not having been seen earlier it probably does not breed, and 
those taken were supposed to be on their way south. 

' 16. DendrcDca Cffirulea. Bare. Found mostly on the moon- 
tain sides and in two cases in the valley. Young were taken fnlly 
fledged and seemingly taking care of themselves as early as Jane 
29th. This species confines itself almost exclusively to the beech 
trees, which are here abundant. 

16. DendrCDca dominioa. Two individuals, S and 9, were 
taken by Mr. W. S. Edwards about the middle of July of this year. 
They were taken within three days of each other, and near the same 
locality, so they may possibly breed. This is the first record of 
their occurence in this locality, being typical birds of the Louisian- 
ian &una. 

17. DendrcBca eestiva. Not common. But found generally 
dis^buted. Breeds. 

18. Seiurus aurocapillas. Bather rare. Found mostly on 
the mountains. But six individuals were taken during the sununer, 
and all of these were appreciably more intense in color than those 
taken in Massachusetts in spring. 

19. Seiurus novaboracensis. A single bud of this species 
was taken August 8th, and no others were noted. 

20. Seiurus ludovicianus. Abundant. Found in damp 
places generally, but mainly along the edges of the river where it 
has many of the habits of our smaller sandpipers. Breeds. 

21. Oeothlypis trichae. Bather rare. Aifew (five) were 
noted or taken. 

22. Oporornis formosus. Common. Found in the valley 
and lower half of the mountains. Breeds. Young were obtained fuUy 
fledged June 18th. 

28. loteria virens. Bather rare. But one instance was noted 
of its occurrence in the mountains, and then at no great distance up. 
Breeds. Young were taken about July Ist, Ally fledged, and only 
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d!£fering from the mature birds in having a large spot of lead eolor 
on the 3f«llpw of the breast. B7 the last of July this spot assumes 
the form of a band, and about the first week in August the birds 
leaTe here for the south, the young still retaining the lead colored 
band. 

24. Wilsonia mitrata. Common. Found everywhere, but 
most abundant on the lower half of the mountains. Breeds. 

25. Setophaga rutioiUa. Abundant Found mostly on the 
mountain. Breeds. Brighter plumage was observed in the yonng 
and females than at the north. 

TANAGRID^. 

26. Fyranga rubra, tlommon. Found mainly on the moun- 
tains, where it breeds. The adult males were not appreciably more 
intense in color than in Massachusetts, but the specimens taken in 
two cases out of three, had red feathers mixed with the black wing 
coverts, a variety found but rarely at the north. 

27. Fyranga eestiva. Apparently rare. But two individuals, 
both females, were procured during the summer. 

HIRUNDINID^. 

28. nimndo horreonim. Common. Found everywhere^ 
Breeds. 

29. Hiriindo lanif^onB. Common in localities. Found mostly 
in the bottoms. Breeds. 

30. Cotyle riparia. Common in localities. Found about the 
high banks of the river, where it breeds. 

31. Cotyle serripennis. Rare. A single specimen taken. 

32. Frogne subis. Abundant. Found everywhere, breeding 
in houses put up for their use. A single instance of a colony breed- 
ing in a hollow ti^ee in the forest was noted. 

VntEONID^. 

83. Vireo olivaceos. Very common. Found most abun- 
dantly on the mountains. Breeds. 

34. Vireo gilviis. Apparently rare. But two were taken. 
Probably breeds. 

36. Vireo noveboraoenfliB. Bather rare. Found equally 
distributed. Breeds. 
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86. Vireo flavif^ons. Common. Found most abnndaiitly on 
the mountains. Breeds. Toung taken fully fledged June 24tli. 
The yellow on the breast was very light in the young birds, though 
plainly diseernable. The specimens taken, eight in all, aTerage 
smaller than those.taken in Massachusetts. 

AMPELID^. 

37. Ampelis cedrorum. Apparently tare. But a single in- 
dividual was taken, and no others were seen. 

FRINGILLIDja. 

88. Chrysomitris tristis. Common. Fdund mainly on the 
mountain sides. Breeds. The song was much softer and more me- 
lodious than at the north. 

89. Spizella sooialis. Common. Found about equally dis- 
tributed. Breeds. Young taken fully fledged June 15th. 

40. Spizella pnsilla. Apparently rare. But two specimens 
taken and one other noted. Found all three on the mountains. 

41. Melospiza melodia. Rather rar^. Two taken and two 
others noted. Breeds. 

42. Qonlaphea ludoviciana. Apparently rare. Two pairs 
taken on the mountains. 

48. Cyanospiza eyanea. Common. Found mostly in the val- 
ley. Breeds. ' 

44. Cardinalis virginianaB. Common. Found mostly in the 
valley. Breeds. 

46. Fipilo erythrophthalmuB. Common. Though not a 
single individual of this species was taken or noted in the valley, it 
was quite common on the mountains. 

ICTEMDiE. 

46. Molothrus pecoris. Bather rare. But three were noted 
in the valley. 

47. AgelflBUS phCdniceuB. Not common. Found in the val- 
ley. Breeds. 

48* Sturnella ludoviciana. Apparently rather rare. But one 
small flock was noted in the valley. Breeds. 

49. Icterus baltimore. Common. Found mostly in the val- 
ley. Breeds. Young taken fully fledged June 15th. 
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50. Icterus spurins. Bather rare. Found only in the val- 
ley. Breeds. A female taken was in marked contrast to females 
taken in New Jersey, heing much brighter. 

51. QuiscaluB purpureus. Bather rare. Found mostly m 
the valley. Breeds. 

COBVIDiB. 

62. Corvna amerioanus. Common. Found everywhere. 
Breeds. 

TYBANNID-aS. 

53. Tyraxmns oarolinensis. Common. Found everywhere. 
Breeds. 

54. Myiarchns orixiitiis. Common. Found mostly in the 
valley. Breeds. 

65. Sayoniis ftisoos. Very common. Found everywhere. 
Breeds. 

56. Ck>ntopii8 Tirens. Not very common. Found almost ex- 
clusively on the mountains. Breeds. 

67. Empidonaz acadions. Rather common. But not easy 
to obtain, as they frequent the more secluded parts of the forest, 
where, though often heard, they are rarely seen. The note is of two 
measures. The first rather prolonged and soft, while the second is 
very short and sharp and quickly given. It does not at all resemble 
the note of^^. minimus, being much louder and clearer. JE7. minimus 
was not seen during the time spent here. 

ALCEDINID^. 

58. Ceryle aloyon. Bather rare. But one was taken and 
three others noted. 

CAPRIMUI^GID-ffil. 

69. Antrostomus vooiferus. Heard once during tKe summer 
and a single specimen was procured on the mountains. 

60. Chordeiles popetue. Noted once in the valley^ 

CYFSEUDM. 

61. Cb»tiira pelasg^ Apparently rather rare. Two were 
taken and a few others seen. 

FBOOBSDIHOS B. S. V. B. — VOL. ZV. 15 JAVUABT, 1878.- 
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TROCHILID-aS. 

62. Trochilus oolubris. Common. Found in gardens and in 
the woods everywhere about the trumpet-creeper. Breeds. 

CUCULID^. 

63. Coccygus americftnns. Apparently rare. AH the indi- 
viduals, two in number, were taken on the mountains. A joung one 
was taken fully fledged July 9th. 

64. Coccygus erythrophthalmus. A single young one was 
taken on the mountains, in July. No others noted. 

PICIDiE. 

66. Ficus villOBUB. Bather common. Found only on the 
mountain. Breeds. 

66. Picus pubescens. Very common. Found equally dis- 
tributed. Breeds. 

67. Hilatomus pileatns. Not uncommon. Found mostly on 
the mountains. Breeds. 

68. CentoruB caroliniis. Apparently rare. But three, one 
adult and two young, were taken. All on the mountain. No others 
were noted. 

69. Melanerpes erythrocephalus. Common. Found only 
on the mountains. Breeds. 

70. Colaptes auratus. Common. Found mostly on the moun- 
tains. Breeds. The immature birds had the feathers of the top of the 
head mixed brown and red. In two cases this marking was very 
strong. An immature female (sex noted by careful dissection) had a 
dark cheek-patch difleriug only from that of the mature male in having 
gray feathers mixed with the black. In an adiilt female the outlines 
of the cheek-patch could be plainly seen. 

STRlGIDJE. 

7L Bubo virginianiifl. Aparently rare. Once noted. 
72. Soops aaio. Often heard about twilight. None taken. 
'73. Sumium nebnlosum. One individual noted at dusk, fly- 
ing low over the river. 

FALCONIDiE. 

74. Buteo peimsylvanicnii. Common. Found mostly on Aa 
Aiountains. Breeds. 
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CATHARTID^. 

75. Cathartes aura. Quite common. Seen everywhere. Ftob- 
ably breeds. 

COLUMBID^. 

76. Zensddora oarolinensis. Common. Foimd mostly in the 
Talley. Bre^s. 

TETRAONID^. 

77. Bonasa umbellns. Rather common. Found mostly on 
the mountains. Breeds 

PERDICID-aS. 

78. Ortyz virginianus. Common. Found mostly in the val- 
ley. Breeds. As before mentioned, they are here appreciably 
smaller and much darker than individuals of the same species found 
in Massachusetts, and form a type half way between this and the 
Florida tjrpe. 

SCOLOPACID^. 

79. PhilOhela minor. Common. Found in damp places gen- 
erally. Breeds. 

80. Tringoides macularius. Rather common. Found along 
the river. Breeds. 

ARDEID^. 

81. Ardea herodias. Rather rare. One taken ^ong the river.* 

82. Ardetta exilis. Taken by Mr. Woodruff at Charleston, 
twenty miles below Coalburgh, therefore probably occurs here. 

83. Florida caBrulea. Mr. William H. Edwards informed me 
of the occurence of this species several times in this vicinity. 

84. Batorides virescens. Common. Found along the river 
and on the creeks. Breeds. This is another species differing from 
our more northern specimens in being much more highly colored and 
approaching the Florida form. 

ANAUD^. 

85. Aix sponsa. Common. Breeds. 

86. Lophodytes euonUatlUl. One was taken August 9th; 
an immature female. 
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Mr. P. W. Putnam alluded to a paper read by Col. J. W. 
Foster at the late meeting of the Association for the Ad- 
vancement of Science, held at Dubuque, in which CoL Fos- 
ter called attention to what he considered as the typical form 
of the crania of the mound building race of the Mississippi 
Valley. 

An abstract of this interesting paper will be found in the American 
Naturalist^ and Mr. Putnam would not dwell upon the results there 
giveU) but he wished to call attention to the character of several 
crania which he had obtained in person from the mounds near Du- 
buque, afler the session of the Association, which were nearly all of 
the long, low arched type, one being a much flatter skull than any 
mentioned by Col. Foster. 

Twenty-one of the mounds described to the Association in a paper 
by Mr. Woodman were opened by Mr. Putnam and friends, and in 
three only were found skeletons, which were greatly decayed and 
showed very great age. One mound contained three, and perhaps 
four, skeletons, the other two only one each. 

Mr. Putnam further called attention to the fact that the mounds in 
the various parts of the Mississippi Valley contained the short, high 
crania, as well as the long, flattened form, and he had been much in- 
terested in making a comparison with the shape of the skulls found in 
the mounds, and the representations of the human head in carvings 
and pottery found in the mounds not only, but in Central America 
. and Peru and other parts of South America, where the same two 
types are represented. He thought that this great similarity in the 
carvings and pottery, taken in connection with the long and short 
skulls, which were probably contemporaneous in the several widely 
separated localities, was a very strong indication of the same early 
race of men having been widely distributed over the American Con- 
tinent; performed very extensive migrations from the south to the 
north, and, perhaps, the northern tribes in great part returned again 
to the south, centering finally between Mexico and Peru, and there 
attaining their greatest development ; afterwards amalgamating with 
other races, or otherwise losing their distinctive characters. 

in the discussion thai luUowea, iFr. J. B- ^* •'tsuakoon and 
other members called attention to the fact tnat the identity 
ot the ancient Ji^eruvians with the Mound Builders had been 
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suggested by former observers; to whicb Mr. Putnam replied 
that he did not lay elaim to any discovery regarding that 
point, as he well knew for a long time archaBologists had 
been impressed in a general way with the great resemblance 
between the ancient races of America, but that he only 
wished to call attention to the fact that the two types of skulls 
ttere found in Ithe several loccUities, which, taken in conneo- 
tion with the carvings and pottery, would indicate that such 
a unity of this early race was probable, though he well knew 
how little dependence could be placed on the form of the 
skull alone, as both the long and short skulls were more or 
less common to all races. 



October 16, 1872. 

The President in the chair. Thirty persons present. 

The following paper was presented: — 

Notes on the Bibds of Southern Iowa. By T. Mabtin 

Trippb. 

While the local lists of the avi-fauna of various localities along the 
Atlantic seaboard are not wanting to aid the ornithologist in deter- 
mining the distribution and migration of birds in those- regions , there 
are very few such lists from points west of the Alleghanies, and still 
fewer from trans-Mississippi localities. Indeed, the natural history 
of the region beyond the Mississippi has as yet been studied by ex- 
plorers and travellers, rather than by stationary ohservers. Hence, 
although our knowledge of the geographical distribution of the fauna 
and ^ora of these vast regions is daily increasing, yet it is still very 
fragmentary and imperfect. Correct catalogues of the animajs and 
plants of limited areas from all points of the far west, with exact and 
carefrd biographical notes on the species, are therefore very much to 
he desired, and no apology is necessary for presenting bare lists of 
species^ which, although uninteresting to the general reader, possess 
great value to the specialist, and are, indeed, the only means by 
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which he can arrire at correct results in this branch of natural his- 
tory. 

The following notes comprise the result of the author's observation 
during a period of nearly two years in Southern Iowa. It is not pre- 
tended that the list is complete, but it is believed to show pretty 
fairly the main characteristics of the avi-fauna of that region, espe- 
cially as regards the land birds. As great care has been taken to 
state nothing as a fact which is not the result of the author's personal 
observation,-— except in a few instances, all of which are specified,—^ 
it is hoped that the list will be proportionately valuable to the sys- 
tematic omitholpgist. 

Some description of the localities in which the notes were taken is 
necessary to a correct understanding of the list One year was spent 
in the southwestern part of Mahaska County; the other in the north 
eastern part of Decatur County, the latter point being fifty or sixty 
mUes southwest of the former. Mahaska County lies in the valley of 
the Des Moines River, the principal stream of the State, and is 
nearer the Mississippi than to the Missouri. Decatur County, on the 
other hand, is midway between the rivers, and lies just west of the 
dividing ridge. Both counties are well timbered, possessing a £ar 
larger proportion of woodland than most of the counties, even those 
contiguous. At the same time there are many wide, lev.el and rolling 
pruries; thus affording favorable opportunities for the observation of 
both forest and pr^rie-loving species. There are no lakes nor ponds 
in either, with the exception of a few •scattered pools along the water- 
courses and on the prairies, and hence water-fowl, although found at 
times in considerable numbers about the Des Moines, are not abun- 
dant nor generally distributed. Hence the list is very incomplete in 
this respect, but with regard to the land birds U^ would be difficult to 
find more favorable stations for observation throughout the State. 

Although but a short distance apart, and possessing almost exactly 
similar physical characteristics, there are some differences between 
the two localities. These are, chiefly, the abundance of Warblers in 
Mahaska County, and their scarcity in Decatur; the presence in the 
latter of certain e^pecies not found in the former, Zonotrichia guerula, 
Spizella pallida, Vir€0 Bettif Salpinctes obsoletusy and one or two 
others; and the abundance in Decatur County, and scarcity in Ma- 
haska, of a number of birds whose range is mostly to the westward, 
over the plains, while there is a corresponding abundance in the lai- 
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ter, and scarcity in the former, of some birds whose range is toward 
the east. Hence it is probable that the high, treeless prairie forming 
the water-shed between the two great rivers, which extends north 
westwardly through Wayne, Lucas and Clarke Counties, forms a sort 
of natural barrier, which many species do not pass. This conclusion 
is further borne out by the abundance of sylvan birds of all descrip- 
tions in the woods in Mahaska County, the thickets and forests in 
May and June being fairly alive with Thrushes, Warblers, Vireos, 
Titmice, Nuthatches and scores of other birds, while in Decatur 
County, in the same season, the quiet and silence of the woods is very 
apparent. There is also a perceptible difference in the florss of the 
the counties, one being considerably more eastern in its aspect than 
the other. 

In comparing the fauna of the States bordering on the upper AOs- 
souri with that of Atlantic States on the s^me parallel, it should be 
borne in mind that the climate of the former is somewhat more se- 
vere than that of the latter; hotter in summer and colder in winter, 
although the mean annual temperature varies very little. Hence we 
should be led to expect more northern species in winter, and more 
southern species in summer, and this we find to be the case. The 
temperature of the spring and fall months, however, correspond very 
nearly with that on the coast, and the migrations of the birds occur 
very nearly at the same times, with the exception of a few species 
which arrive very early or depart very late. 

Of the one hundred and sixty-two species enumerated in the list, ■ 
ninety-two were observed breeding, or in such numbers during the 
breeding season as to admit of no doubt of the fact. Of this number 
eighty-five were common, and seven rare. Eight or ten additional 
species undoubtedly breed here, though in such small numbers as to 
have eluded observation. Of the migratory species forty-five were 
abundant or common, and twenty-four scarce or rare. 

On comparison with the avi-fauna of the same latitude on the At- 
lantic coast, we find but fifteen species breeding abundantly here, that 
do not also breed there, and of these eight are found a little further 
south in the east, and two formerly existed there, but have now become 
extinct, lea^ng but five species as characteristic of this region as dis- 
tinct from the Atlantic coast; an astonishingly small number, when 
we consider the immense difference in longitude. The similarity be- 
tween the migratory birds is equally striking, there not being over 
ten or twelve species peculiar to the western region. There is, how- 



Digiti 



ized by Google 



Zrippa.] 282 [Ootoberia^ 

ever, some difference in the number of indiTidnals of the same spe- 
cies. 
The nomenclature is from Baird's P. R. R. Report. 

I 

1. Cathartes aura. Abundant; breeds. Arrives earlj in April 

or late in March, and remains till late in October, or even November. 

2. Falco anatum. I saw a pair of hawks in April, in Decatur 
County, which I took to be this species, though possibly they were 
not. I had a good view of them, however, and could hardly have 
been mistaken. 

8. Falco oolumbarins. Seen a few times in Mahaska County, 
in fall only. 

4. Faloo sparverins. Abundant; breeds. Next in abundance 
to the Marsh Hawk. It arrives in the middle of March, and stays till 
the middle of autiunn. During the latter part of summer, when the 
young have become strong on the wing, I have frequently seen scores 
of these birds sitting on the telegraph wires at distances of fifly or a 
hundred feet apart for half a mile or more. 

6. Aooipiter fosons. Seen quite oflen in fall, but never during 
the breeding season. This hawk follows and preys upon the flocks 
of wilcf pigeons that visit the country chiefly in early spring and &1L 
I have shot it in the act of devouring a full-grown pigeon, which it 
had just caught and killed. 

6. Bateo borealis. Common; breeds; resident Seen chiefly 
about the timber. 

7. Alrchibuteo sanoti-johannis. Common from the middle 
of November to the middle of March. Prefers the timber, but is fre- 
quently seen far out on the prairies. 

8. Naucleros foroatos. Not very common; breeds. Seen 
only in Decatur County. Arrives early in April; leaves in late sum- 
mer. 

0. Circus Hudsonicos. Abundant; many breed. Arrives late 
in February, and remains till winter. 

10. HaliSBtos leucocephalus. Seen only in winter, and then 
infrequently. 

11. Pandion carolinensis. Seen once in spring, in Decatur 
County. , 

12. Bubo virginianus. Not common. Seen but a few times, 
in winter only. 

•18. Otos wilsonianos. Seeu a few times in fall only. 
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14. Symium oinereum. A very large bird was killed at Oska- 
loosa, in Mahaska County, which, from the description givon to me 
by the person who shot it, must have been this species. 

15. Symium nebulosum. Common; breeds. 

16. Nyotea nivea. Seen on several occasions in Decatnr 
County, in the dead of winter, skimming over the wide prairies. A 
£urmer, resident in the county for twenty years, told me that it oply 
appeared in hard winters, which occur about every six or seven years. 

17. Conurus carolinensis. A resident of Decatur County 
told me that he had several times seen a flock of Parrots in the south- 
em part of the county, on a tall, dead Cottonwood tree, known by 
the neighboring people as the " Parrot-tree," firom its having been 
frequented at intervals by the same flock for several years, and that 
he had shot one of them on one occasion. 

18. Coccygus amerioanus. Not common; breeds. . 

19. CoocygUB erythrophthalmus. Not common; breeds. 

20. FiouB villosiis. Common;^ breeds; resident. 

21. Pious pubescens. Conmion; breeds; resident 

22. SphyrapioUB varius. Rather common; breeds; migra- 
tory. 

23. Hylatomus pileatus. Seen once or twice in spring, in 
Decatur County. 

24. Centurus carolinus. In winter very abundant in Ma- 
haska County; far less so in Decatur. A few breed in the former, but 
none observed in the latter in summer. 

26. Melanerpes erythrocephalus. Very common; breeds. 

26. Colaptes auratus. Abundant; breeds. 

27. Trochilus colubris. Common; breeds. 

28. Chffitura pelasgia. Not common in Mahaska County; 
very abundant in Decatur; breeds. Arrives late in April, and seen 
as late as September 20th. 

29. Antrostomus vociferus. Abundant; breeds. Remains 
till the middle of September. 

80. Chordeiles popetue. Abundant; breeds. Seen as late 
as September SOth. 

81. Ceryle alcyon. Not common; breeds,. 

82. Tyrannus oarolinenais. Abundant; breeds. 

83. Myiarchus crinitus. Abundant; breeds. 
34. Sayomis fuscus. Abundant; breeds. 
86. Contopus yirens. Abundant; breeds. 



Digiti 



ized by Google 



THppe.] 284 lOctoberia^ 

86w Empidonaz minixnuB. Breeds in large nnmben in Ma- 
haska County; far less abundant in Decatur. 

87. Tardus mustelinus. Commcm; breeds. 

88. Tardus Pallasii. Not very common; spring and fall. 

80. Turdus SwainsoniL Not common; spring and falL In his 
"Notes on the Birds of Iowa" Allen reports T, fuscescens as being 
▼cry common in Western Iowa; but in the course of two years' care- 
ful observation in the southern part of the State, I have never seen 
or heard a single individual of this species. 

40. Tardus migratorius. Common; breeds. Not as familiar 
as the robin of the East. In spring and fall it is more abundant than 
in summer, though many remain to breed. Not seen in winter. 

41. Sialia sisilis. Abundant; breeds. 

42. Begulus calendula. Common; spring and falL 
48. Begulus satrapa. Seen but rarely, in late fall. 

44. Anthus ludovieianus. Abundant; spring and fall. 
46. Mniotilta vaaria. Abundant in Mahaska County; far less 
so in Decatur; breeds. 

46. Farula Amerioana. Common in Mahaska County, but not 
seen in Decatur; does not breed. % 

47. G^eothlypis triohas. Common; breeds. The Mourning 
Warbler being very abundant during summer in Minnesota, directly 
north of here, I watched very closely during spring, expecting to find 
it on its northward migration, but did not see a single individual. 

48. Icteria viridis. Common in Decatur County, where it 
breeds; not seen in Mahaska County. 

49. Helminthophaga pinus. Abundant; breeds. 

50. Helminthophaga chrysoptera. A single specimen 
taken in May, in Mahaska County. 

51. Helminthophaga ruficapilla. Common; spring and fall 

52. Helminthophaga eelata. One specimen taken in Ma- 
haska County, in^May. 

68. Sciurus aurooapillus. Common; breeds. 

b4. Soiurus ludovioiaaus. Common, arriving in the middle 
of April. Some remain to breed, the rest going north. It forms a very 
neat nest of twigs and grass, which it usually conceals under the 
roots of a tree overhanging a steep bank or ravine. Its song is differ- 
ent from that of S, novebaracensis. 

65. DendrcDoa virens. Common in Ma.h<mVf| County, in spring 
and fall, but not observed in Decatur. 
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M. DendroBca oaoadenais. Seen a few times in spring, in 
Mahaska County onlj. 

67. Dendrcsca ooronatia. Common; spring and fall 

58. DendrcDoa BlaokbumiflB. Seen a few times in spring, in 
Mahaska County only. 

69. BendrcDca pennBylvanica. Abundant in Mahaska County, 
where many breed. I was not able to find its nest, thovgh I frequently 
saw them collecting materials for it. Observed in Decatur County 
only in spring; 

60. DendrcBca osBmla. Common; breeds. 
6L. DendrcBca striata. Common, spring and fidl, in Mahaska 
County; not seen in Decatur. 

62. DendrCBca SBStiva. Common; breeds. 

63. DendrODoa maculosa. Rather conmion in spring in Ma- 
haska County; not seen in Decatur. 

64. Myiodioctes mitratus. One taken in May in Mahaska 
County. 

65. Setophaga ruticilla. Abundant in Mahaska; less so in 
Decatur; does not br€ed. 

66. Fyranga rubra. Abundant; breeds. 

^. Hirundo horreorum. Not seen in Mahaska County. In 
Decatur County I observed them in a single locality. The farmer, in 
whose barn they had taken up their quarters, told me that a single 
pair had appeared five or six years before, and raised a brood, with 
which they returned the next summer. The little colony had grown 
from that time, till there were thirty or forty, and have now begun 
to frequent other barns in the neighborhood. They are quite as 
tame and familiar as the same bird in the East. 

68. Hirundo lunifrons. Very abundant; by far the conmion- 
est species of swallow. Breeds in some localities in large numbers. 

60. Hirundo bicolor. Common; spring and falL 

70. Cotyle riparia. Common;' breeds. 

71. Progne purpurea. Common; breeds. 

72. Ampelia cedrorum. Common; breeds. 

73. Collyrio borealis. Very common in Mahaska County, in 
fiJl and winter ; less so in Decatur County ; does not breed. 

74. Collyrio ludoviclanus. Common; breeds. Arrives in 
February and leaves in September. The hedges of osage orange 
are its &vorite resort and nesting place. ^ 
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75. Vireo olivaceos. Common in Mahaska County ; much less 
80 in Decatur ; breeds. 

76. Vireo gilvus. Common; breeds. 

77. Vireo Bellii* Breeds abundantly in Decatur County, where 
it is the commonest species of Vireo, but not seen in Mahaska. It 
arrives in the second week in May, and is seldom seen after the mid- 
dle of August. In its habits it bears a strong resemblance to the 
White-eyed Vireo, preferring the thickets and underbrush, rather 
than the trees. Its notes are quite different from those of any other 
Vireo, being somewhat like those of the bluebird in early spring, but 
quicker and more hurried. 

78. Vireo flavifrons. Common; breeds. 

79. Mimus carolinensis. Common in Decatur County ; less 
so in Mahaska ; breeds. 

80. HarporhynchuB rufus. Common ; breeds. 

81. Salpinctes obsoletus. A specimen taken in October, in 
Decatur County, and several others seen. Not observed in Mahaska 
County. 

82. CestothoruB stellaris. Not common*; breeds. 

83. Troglodytes aedon. Abundant; breeds. 

84. Certhia americana. A few observed in fall and winter, 
in Mahaska County, but none in Decatur. 

86. Sitta carolinensis. Common ; breeds. ^ 

86. Polioptila CSBrulea. Common; breeds. 

87. Iiophophanes bicolor. Abundant ; resident throughoot 
the year. 

88. Paras atricapillus. Common ; breeds ; resident 

89. Eremophila Comuta. Abundant; breeds, and nearly 
resident, being absent only a few weeks in the depth of winter, some 
few remaining even then. It nests early in May, occasionally as 
late as the 25th. The nest is composed of grass, and is placed on 
the ground. The male frequently relieves his mate in the task of in- 
cubation. The young birds remain with their parents till fall, when 
they gather into flocks of from ten to one hundred or more. 

00. Chrysomitris tristis. Common ; breeds. 

01. JBg^othos linarla. Seen in considerable numbers in the 
depth of winter, in Mahaska County. 

92. Flectrophanes lapponious. Abundant Disappears in 
liddle of April. 

. Flectrophanes nivalis. A few occur every winter, bat 
lant only in severe seasons. 
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94. FaaserouluB savaima. Not verj common; breeds. An 
inhabitant of the bushy margins of pools and water-courses on the 
prairies. 

05. Cotumiculns passerinus. Abundant; breeds. 

96. Cotnmioulus Henalowii. Common; breeds. Prefers the 
edges of hazel copses, while the preceding haunts the open, grassy 
prairies. 

07. Chondestes grammaca. Rather common; breeds. Ar- 
rires late in April, and departs in August. The song of this bird 
is exceedingly loud and sweet. 

08. Zonoti^ohia Gambellii. A specimen shot in spring, in 
Decatur County, agrees precisely with Baird's description. 

99. Zonotrichia albioollis. Abundant; spring and fall. 

100.' Zonotrichia querula. Abundant in Decatur County in 
spring and fall; not observed in Mahaska. This beautiful spar- 
row is one of the commonest of the FringillidsB that pass through 
Decatur Coipty in fall and spring, associating at such times with the 
other sparrows and finches, and frequenting similar haunts. Its notes ^ 
In the fall are a simple loud chirp, not distinguishable from that of 
this white-throated sparrow, and, occasionally, a low, sweet warble ; 
in the spring it has a curious song, beginning very much like that of 
the latter bird, but ending with a few harsh, drawling notes, sound- 
ing like a faint mimicry of the scream of the night hawk, and totally 
unlike the first pai-t of the song. 

101^ Junco hyemalis. Rather common in the spring and fall ; 
in winter less frequent, many of them going south to avoid the ex- 
treme cold. 

' 102. SpizeUa monticola. Common ; spring and fall ; but, as 
is the case with the last, many go south during the depth of winter. 

103. Spizella pnsilliEU Abundant; breeds. 

104. Spizella sooialia. Common in Mahaska; breeds. Seen 
but seldom in Decatur. 

105. Spizella pallida. Common in spring, in Decatur County, . 
but not seen in Mahaska. This bird frequents the thickets and 
copses along the margins of woods, and has somewhat the habits of 
the redpoll, feeding on the buds of the elm and other trees in early 
gpring. 

106. Melospisa melodia. Abundant In spring and fall, bat 
not observed to breed. Shy and retiring, — a complete contrast to 
the eastern song-sparrow. 
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107. Meloapisa palustris. Common; spring and fall ; breeds 
in small numbers, most of them going fortlier north, or to other more 
suitable localities. 

107*. Melospisa Linoolnii. Common; spring and &11, in 
Decator County ; not seen in Mahaska. 

108. Faaserella iliaoa. Common, spring and fidl, in Decator 
County ; but seldom seen in Mahaska. 

109. Euspisa americana. Very common; breeds. Arrives 
early in May, and leaves in August 

110. Guiraoa ludovioiana. Abundant ; breeds. 

111. Cyanospiza cyanea. Abundant; breeds. 

112. Pipilo erythrophthalmnfl. Abundant; breeds. Arrives 
in the latter part of March, or early in April ; much earlier than in 
the Eastern States. 

113. Dolichonyx orysivorus. Abundant; breeds. The bob- 
o'-link arrives early in May, the males coming some days in advance of 
their mates. At this season I have frequently seen flocks composed of 
hundreds, without a single female among them, feeding on the seeds 
of the dead weeds and grasses, on the open prairie, frequently taking 
wing, and wheeling about like so many blackbirds before alighting 
again. While on the wing their singing is so loud as to be audible 
at a great distance, and the chorus of hundreds of voices rising and 
falling on the wind forms a melody quite as agreeable to the ear as 
their bright and strongly contrasted colors and graceful evolutions 
are to the eye. When the time comes for them to pair, a little later, 
the scene is frequently very amusing. I have seen fifty males sur- 
rounding a single female, all singing as though their very lives de- 
pended upon it, and when she, bewildered by the multitude of suit- 
ors, would seek relief in flight, all would rise on the wing, and pursue 
her with the most vehement songs and protestations of love. Very 
many go further north, but a considerable number remain to breed, 
nesting in the borders of grainficlds and meadows in preference to 
the prairies ; though many breed in the latter. In August the young 
reed-birds are quite common. Although abundant in certain locali- 
ties, this bird is rather irregular in its distribution, as I saw but few 
in Mahaska County. 

114. Molothrus peooria. Common in Decatur County ; less so 
in Mahaska ; breeds. Disappears in July and reappears in Septem- 
ber. 
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116. Aglaias phcaniceiui. Common ; breeds. ' I never saw 
Xanthocephalus icterocephalusy nor could I hear of its occurrence in 
this part of the State. 

116. Stumella magna. Abandant ; breeds. Migratory in its 
habits, great numbers passing southward about the middle of October. 

117. Stumella neglecta. If this bird is merely a variety of 
S, magnoy it certsunly is a very remarkable one. Not having exam- 
ined a sufficient number of specimens, I am not qualified to judge ; 
and, indeed, should hesitate to do so in any event, afler such com- 
petent authorities have pronounced on the question. Careful ob- 
servations for the last two years, however, have convinced me of the 
following &ct, viz : that there are two varieties or species of the 
Meadow Lark in Southern Iowa, that possess totally different songs 
and notes, and that these dififerences are constant. The common 
lark, S, ludovkiana is, here, by far the most abundant ; its notes are 
precisely simUar to those of the same bird in the East, and its habits^ 
also, nearly or quite the same. The Western Lark, S. neglected on 
the contrary, never utters the peculiar, long-drawn whistle of the 
common species, — at least I never heard it, — and it has a number 
of notes which the latter never utters, one in particular which re- 
sembles a note of the red-winged blackbird. The western lark, like 
the common species, has a rapid chatter, but so different in every 
bird that I have hea^d, that the difference was at once appreciable ; 
indeed it is more striking than £he resemblance. The western lark 
is here qiute a shy, timid species, comparatively to the other at least, 
which is as tame as the bluebird or chipping sparrow. The former 
is never heard after the first of September, althouj;h it arrives as 
soon, or a little before the other, viz., early in March ; while the lat- 
ter remains till November. I have never heard a bird whose notes 
were intermediate between the two. 

Here, then, we have the remarkable fact of two varieties — if thejr 
are such — of the same species, existing side by side, seldom or never 
mingling, and each preserving its peculiar notes and habits ; yet re- 
sembling each other so closely in form and plumage, that the most 
experienced ornithologists are unable to draw the dividing line be- 
tween them. 

118. Icterus spurius. Bather common ; breeds. 

119. Icterus Baltimore. Bather common ; breeds. 

120. Scolecophagus ferrugineus. Abundant in spring and 
late fall. Never seen in very large flocks, but generally in parties 
of from ten to thirty. Its favorite resorts are roads and cattle yards, 
where it picks up the fallen grain. 
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121. Quiscalus versioolor. Very abundant, breeding famil- 
iarly in the village streets and gardens. It does not appear to 
damage the com to any extent. 

122. Corvus camivorus. A resident of Decatnr County who 
had become familiar with the raven' in the Northwest, assured me 
that he had occasionally seen it in this county. 

123. Corvus americanos. Abundant Many breed; but it 
is far less common in summer than in spring and falL A few remain 
all winter. • 

124. Cyanura cristata. Abundant; breeds; resident. 

125. Ectopistes migratoria. Occurs irregularly, chiefly in 
spring and fall, sometimes in large flocks. Not observed to breed. 

126. Zenaidura oarolinensis. Abundant ; breeds. Arrives 
early in April and stays till late in October. 

127. Meleagris gallopavo. Not uncommon ; but from its be- 
ing constantly persecuted, very shy and vigilant. 

128. Cupidonia oupido. Abundant; breeds. The prairie 
hens retire to the wilder parts of the country to breed, returning 
towards the more thickly settled regions on the approach of odd 
weather. The sharp-tailed grouse, Pediocaetes phasiaaieUtis, rarely, I 
believe, comes much further south than the north line of the State in 
Iowa, although in Nebraska it not uncommon as far south as the 
Platte River. 

• 120. Bonasa ombelltlfl. Abundant ; breeds. 

130. Ortyx yirginianos. Abundant; breeds. 

131. Grus americanos. Quite a number seen in fall, in De- 
catur County^ Said to have been quite common formerly. 

132. Grus canadensis. Vast numbers pass over in spring 
and falL Said to have bred in the marshes, before the settlement of 
the country. Its appearance in autumn, in large numbers, is usually 
the precursor of cold weather. 

133. Ardea herodias. Seen occasionally in spring. 

134. Botaums lentiginosos. Abundant; breeds. 
136. Butorides virescens. Common ; breeds. 

136. Charadrios virginious. Abundant; spring and falL 

137. Aegialitis vociferus. Abundant; breeds. 

138. Gallinago Wilsonii Rather common; spring and fall. 
I have never seen the woodcock in southern Iowa, though assured 
that it occurs very rarely. Allen gives it as a common bird in the 
western part of die State. 
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139. Machorhamphus grisens. Not common ^* seen in spring 
only. 

140. Tring^ macolata. Very abundant in spring and fall. 
In wet seasons many of the level prairies are converted into shallow 
ponds, that attract gre^ numbers of this and the two following 
species. 

141. Tringa Wilsonii. Common ; spring and ML 

142. Ereuneted petrifloatus. Common ; spring and fall 
148. Gambetta melaxK^uoa. Bather common in spring 

andfaU. 

144. Gambetta flavipes. Common ; spring and fall. 

145. Bhyacophilns solitarius. Abundant; breeds. 

146. Tringoides maoalarios. Abundant; breeds. 

147. Aotiturus Baftramius. Abundant; breeds. On its first 
arrival the bird is rather shy, but soon becomes tame and familiar. 

148. Iiimosa fedoa. Seen occasionally in spring only. 

149. Numenios longirostris. A few seen in spring in De- 
catur County, where I was informed that it formerly bred quite com- 
monly. 

150. Porzana Carolina. Seen occasionally, and only in spring. 
161. Anser hsrpaboreus. Common, spring and faJL Barely 

alights. 

152. Bemicla canadensis. Spring and fall. Formerly stayed 
to breed. 

153. Anas boschas. Common in spring and falL A few re- 
main all summer and breed. Said to have been in large numbers 
formerly. A. (ihscura I have never seen in Iowa. 

154. Daflla acuta. Not common ; spring and fall. 

155. Nettion carolinensis. Abundant in spring and falL 

156. Querquedula discors. Abundant in spring and fall. The 
mallard, the green- winged teal, and this species, are the only ducks 
that are at all abundant, far outnumbering all the other species 
together. 

157. Aix sponsa. Bather common; breeds. 

158. Fulix ooUaris. Bather common ; spring and fall. 

169. Felecanus erythrorhynchus. Seen occasionally in 
spring. 

160. Hydrochelidon flssipes. Observed about pools of water 
on the prairies in May only. 

rBOGSSDOraS B. B. «. H.— vol. X7« le KASOH* 1878.. 
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161. Oo srmbos torquatos. Observed occasionally in spring 
flying northward. 

162. Podilymbus i>odicep8. Rather common ; spring and fall 

Many species which nndoubtedly occur, and which I belieye I have 
seen, are omitted from the list, not having been taken, or identified 
beyond the possibility of mistake. Of these are, AccipUer Cooperii, 
Buteo lineatuSf B . pennsylvanicusy Scops asto^ Empidonax JlamventriSf 
Cistothorus palustris^ Sitta canadensis^ Carpodacus purpureus, and 
many species of water-fowl, common thronghout the Western States 
in spring and fall. 

Prof. E. S. Morse gave an account of the various opinions 
held by naturalists as to the systematic position of Dentalium 
and shqwed that in many characteristics tbe genus approaches 
the tetrabranchiate cephalopods. Prof. Morse also spoke of 
the structure of Rhynchonella, which he had observed alive 
in the Gulf of St. Lawrence. He exhibited a specimen 
preserved in alcohol, in which the arms were still protruded, 
thus confirming the correctness of Prof Owen's views as to 
their power of extension. 

Prof. Shaler exhibited a two-fanged tooth from a sperm 
whale, an anomaly perhaps due to reversion. 

The Secretary read the following extracts fix)m a letter by 
Mr. C. W. Lovett relating to a supposed case of the death 
from fright of a night heron : — 

^ As Mr. Edward Ames, of this city, (a gentleman well known to 
me), and some others were passing through one of the Marehfield 
meadows, a qua bird, or night heron, was surprised on the edge of a 
small brook which they were about to jump. As the bird arose, 
within some eight or ten feet, Mr. Ames gave a loud yell, at the 
same time jumping the brook, when to his surprise the bird fell to 
the ground lifeless. Upon examining the bird there appeared to be 
no wound or hurt upon any part of the body, which seemed to be in 
a perfectly healthy condition. 

^Mr. Ames, from whom I received this statement, informed me 
.that he Jiad been previously told that the bird could be frightened to 
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death in this manner, and that this informadon induced him to try 
the experiment. 

•* Perhaps it would not he out of place for mc to state that I have 
often brought these birds to ground from a great height with a small 
fowling piece and very fine shot, and have at times wondered at the 
absence of blood on the feathers, or signs of a shot-hole. May it not 
be possible that the report of the piece alone caused their death ? ** 



Section of Entomology, October 23, 1872. 
Mr. P. S. Sprague in the chair. Seven members present. 

The Secretary stated that three field-meetings had been 
held during the summer, which were fairly attended. The 
vicinities of Dorchester, Peabody, and Waverly were ex- 
plored and many captures made. 

The following paper was read : — 

On the LARViE OF THE Hemerobina. By Dr. II. A. IIaoen. 

The following communication I beg to be considered as a prelimi- 
nary report on the history of the immature states of the Neuroptera, 
belonging to the family of the Hemerobina, intended to be published 
as a part of the illustrated Catalogue of the Museum of Comparative 
Zoology in Cambridge. The plates are finished by Mr. Konopicky; 
preliminary descriptions have been sent for publication to Europe, - 
with the invitation to communicate to me the material scattered in 
European collections, so that I can use all material known for the 
illustrated catalogue. I now intend to report on two groups only, 
rtz., the Ascalaphina and Myrmeleonina. There are published satis- 
factory descriptions of only two species of Ascalaphus, Ulula Mao 
Leayana, by Landsdown Guilding, 1827, and Ascalaphus Macaronius, 
by Brauer, 1854. Of four other species short notices are given. I 
am able to describe sixteen species, ten of which I have before me, 
belonging to eight genera. Of Myrmeleon five species are described 
besides the well known M, formicarixim, four by Brauer {Myrmeleon 
formkalynXf Formicaleo tetrafframmicu$f Dendroleon pantherinumj 
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Acanthaclisis occitanica), and one by Mr. Emerton (Afyrmeleon m- 
maculatum). Of the two species of Palpares, and one of Myrme- 
caelurus, short notiqes arc given by Brauer. Percheron, in bis de- 
scription of Palpares libelluloides, has confounded two species to- 
gether, P. libelluloides and A. occitanica. The latter species is also 
shortly noticed by Leon Dufour and Ferris. A doubtful notice of 
Palpares Hispanus is given by Rosenhauer. I have noticed twenty- 
one species, nineteen before me, belonging to nine genera. 

Of the thirty-se^en species described in both groups, fifteen be- 
long to Europe, five to Asia, one to Australia, three to Africa, thir- 
teen to America, four of them, all Myrmeleonina, to the United 
States. 

The larvaa of the two groups are easily separated from all others 
by their more flattened, broad body ; larger head ; mandibles inside 
with strong teeth, three in number (only in two cases four or one) ; 
by more or less elongated lobes on the sides of the thorax and abdo- 
men, often provided with hair pencils; by the presence of seven 
eyes, one always on the underside; by short and minute antennse; by 
the labium divided in two lobes; and by the hind legs, having the 
tibia and tarsus united without articulation. The two latter charac- 
ters have been entirely overlooked, ai^d the latter is, so far as I know, 
not to be found in any other genus of the Hemerobina. 

On the whole, the Myrmeleonina are more uniform and alike than 
the Ascalaphina. Besides the protboracic stigma, there is on the 
first eight segments of the abdomen on each side a stigma, the first 
pair on the dorsum, the others on the sides of the segment. 

In the Ascalaphina we find either all eight on the ventral side, or 
the first, or the two first, placed above. The side lobes are gener- 
ally longer on the Ascalaphina, var}'ing between two or one on each 
side of the segment. In the Myrmeleonina there are generally tuber- 
cles, provided, more or less, with bristles, recalling the locomotive 
organs of the Annulata. The last segment of the abdomen is elon- 
gated cylindrical in all Ascala]>hina ; short, and provided with dif- 
ferent kinds of spines in the Myrmeleonina; but one genus of the 
latter, Dcndroleon, repeats the fonn of the Ascalaphina. Concerning 
the habits of these insects, the remarkable fact of the ant-lions mak- 
ing pit-falls or funnels in the sand to catch their prey, was well 
known centuries ago. It is far more interesting that this manner of 
* living considered long ajro as belonging to all species, was proved by 
Brauer to be only an exception, perhaps only occurring in the genus 
Myrmeleon. Indeed, only four species, two of Europe, two of tke 
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United States, are known to be pit-fall makers, and to move back- 
wards. In Patagonia and in the Galopagos Islands pitfalls have 
been observed, but the larva is not known. The others go forwards, 
or both forwards and backwards, but never construct pit-falls. 

The eggs of the Myrmeleonina are unknown, those of the Ascala- 
phina are fastened in two series on the stems of plants, but in Ulula, 
are placed in circles on the extremity of a' twig, which the female 
encircles nearer the base with a kind of fence, to protect the brood 
from intruders. The bodies forming this fence are secreted by the 
female, and are, I believe, similar to the pedicels on which the eggs 
are borne in Chrysopa, the difference being that in Ulula the eggs are 
placed at some distance from the pedicels, instead of on them. This 
remarkable fact, observed by Landsdown Guilding, should be studied 
again. I was able to observe that Ascalaphus in hatching changes 
Uie skin, just as Osmylus and Chrysopa. This phenomenon occurs 
ih none of the so-called Pseudoneuroptera, and forms a striking dif- 
ference between the embryo of the Hemerobina and Odonata. So fkr 
known, all the species spin cocoons for transformation, and do not 
previously break off the mandibles, as Osmylus. 

It would perhaps be too soon to give a genci'al view and a synopsis 
of the larv0 of all the Hemerobina. There are known, besides the 
seventeen genera belonging to the Myremelonina and Ascalaphina, 
the larvflB of only ten genera, mostly the result of the admirable 
energy of Dr. F. Brauer of Vienna, viz., Mantispa, Coniopteryx, 
Osmylus, Sisyra, Drepanopteryx, Ilcmerobius, Mibromerus, Chrys- 
opa, Hypochrysa and Nemoptera.* The twenty-seven genera now 
known in the larval state represent not half of the genera actually 
published, and as many of the most aberrant forms belong to the un- 
known, viz., Nymphes, Stilbopteryx, Polystocchotes, and others, it 
is to be presumed that a synopsis actually drawn up would be very 
soon imperfect by new discoveries. Nevertheless, the larvas now 
known agree in several important characters, perhaps not un- 
worthy to be noticed here. All known larvie of Hemerobina possess 
the mouth parts fitted for sucking. In connection with this arrange- 
ment the posteribr part of the alimentary tract docs not scn'e for the 
ejection of digested materials; it is closed and transformed into a 
spinning organ. The structure of the mandibles and maxillae, the 
latter playing in a deep groove of the former, is well known, but it is 
overlooked that both have a series of very fine teeth, opposed to each 
oAer, serviceable for a kind of mastication In the interior of the cap- 
tured animals. The two channels of the mandibles lead directly to the 
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cBsophagus, the part where the mouth is commonly placed* is here 
closed by a membrane going from the base of the labrwn to the base of 
the mentum. The knowledge of this fact is important, as there has 
been always a mistake concerning the labium and its palpus. Indeed, 
the upper lip is connected with the head, as usual, by the basal border; 
the front border is free, and sometimes greatly projects, as in Acan- 
thaclisis and Coniopteryx. The mentum is oflen not separated from 
the head, sometimes merely by a suture, and perhaps' not moveable. 
Tbs under lip has retained its original form; it is separated into two 
lobes, taken always for the first joint of the palpus by authors. The 
palpus is only S-jointed. The maxillary palpus is always wanting. 

The structure of the prothorax is rather remarkable, being divided 
into three segments, free and articulated together. I believe that 
these parts should be considered as prscscutum and scutellum. 
Brauer calls, them intermediate segments. The middle part, the pro- 
thorax, bears the legs; the part between the prothorax and the 
head is always free, sometimes strongly developed, a real segment, 
and nearly as long as the other parts of the body together, as in 
Nemoptera. The part between the prothorax and mesothorax is^ven 
free and separated, and bearing on each side a conspicuous stigma. 
I believe the structure of the prothorax to be a prominent character 
of the larvaa of the Hemerobina. 

The meso- and metathorax of different form and size, shdw mostly 
on each side on the dorsal plate a kind of scar, a somewhat hyaline 
spot. This is, without doubt, the place where the wings are to be 
preformed in the interior of the larva. 

The legs are remarkable by position and structure. The base be- 
ing always placed as near the side border as possible, the legs are 
very distant from each other. The coxa is strongly developed and 
turned inwards. ^ The tarsus has only one joint, and is sometimes not 
separated from the tibia. There are two claws, rarely but one, and 
between them, in several genera, a more or less developed pulviUus, 
consisting of plantula and arolium. The abdomen has nine seg- 
ments, decreasing in breadth to the tip. All except the last on each 
side with a stigma; in several genera, the first, or the first and sec- 
ond pair, placed on the dorsal plate of the segment. More or less 
developed lobes, oflen provided with bristles or hair pencils, are 
placed on the sides of the thorax and the abdomen, strongly recall- 
ing, as stated above, the locomotive organs of the Annulata. 

The last segment of the abdomen is often of a different shape and 
construction, for help in locomotion, or other pmrpoees. One geniu, 
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Sisyra, living in the water, has on the ventral side of the first seven 
segments of the abdomen false legs, developed as gills, recaUing the 
form of lower Crustacea. The skin is generally scabrous or warty, 
and covered by hairs, bristles and spines of different structure, and 
scales, similar to those of the Lepidoptera. 

The eggs are always of an oval shape, usually with • a little knob 
containing the micropyle. The embryo opens the eggs with an egg- 
burster like a saw, and changes the skin in hatching. The larva 
moults several times, and spins for transformation a silky or paper- 
like cocoon, with the spinnerets on the tip of the abdomen. The 
size of the cocoon is oflcn remarkably small for the size of the 
imago. The nympha is inactive, and breaks open the cocoon for 
transformation with its great hatchet- shaped mandibles, the skin 
remaining in the opening. A pink egg-shaped body, probably be- 
longing to the spinning oi^an is ejected by the newly transformed 
imago, at least, in the M^Tmcleonina. All larvse of the Hemerobina 
are very rapacious, and therefore beneficial. 

The Hemerobina may be divided into the following subfamilies. 

1. Myrmeleonina. 

Mandibles long, inwardly arcuated, with three teeth; antennss 
shorter than the mandibles. Body fiat, broad, large ; hind legs stout, 
sdort, tibia and tarsus connected ; claws l^rge, two in number ; no 
pulvillus. To this group belong the Myrmeleonina and Ascalaphina, 
the latter with flat lobes on the thorax and abdomen. 

2. 19'emopterygina. ' 
Mandibles short, inwardly arcuated; antennsB short; prothorax 

strongly elongated ; body flat, broad. No pulvillus between the two 
claws. 

d. Osmylina. 

Mandibles long, outwardly arcuated ; antennas short; body elon- 
gated ; a small pulvillus ; two claws. 

4. Sisyrina. 

Mandibles long, outwardly arcuated ; antenna longer ; body elon- 
gated, slender ; abdomen ^ith seven pair of ventral gills ; tarsi with 
Only one claw, no pulvillus. 

6. Hemerobina. ' 

Mandibles long or short, inwardly arcuated; antennss longer; 
body elongated ; two claws; a well developed pulvillus. 

Here belong 'Drepanopteryx, Hemerobios, Chrysopa, Hypochrysa. 
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6. Mantispina. 

Mandibles short, straigbt, approximated ; antennae longer; body 
elongated, slender ; two claws with palvillus. 

7. Coniopterygina. 

Mandibles short, straight, covered by the upper lip; antennas 
longer ; body elongated ; two claws with pulvillus. 

Examining these subfamilies in regard to the principal characters, 
we have the following result : — 

1. Mandibles. Covered by the upper lip in Coniopterygina, free 
in all the other genera. Toothed inside in Myrmclconina ; without 
teeth in the others. Arcuated inwardly in Myrmeleonina, Nemop- 
terina, Hemerobina; arcuated outwardly in Osmylina, Sisyrina; 
straight, approximated in Mantispina, Coniopterygina. 

2. AnlenncB. Shorter than the mandibles in Myrmeleonina, Nemop- 
terina, Osmylina ; longer in the otSiers. 

8. Legs. Tarsus connected with the tibia in the hind legs in 
Myrmeleonina ; free in all others. One claw in Sisyrina ; two in all 
others. No pulvillus in Myrmeleonina, Nemopterina, Sisyrina ; pul- 
villus more or less developed in all others. 

Perhaps this notice may induce American Entomologists to give 
more attention than heretofore to this interesting subject, and to try 
to discover the immature states of the American genera. Mr. F. G. 
Sanborn has raised the imago of Meleoma fit>m the cocoon. The 
nympha skin and the cocoon are alike in Chrysopa. The discovery 
of the larva of Polystoechotes would be a good step forwards, and 
could not be difficult if imagos are kept in confinement. Several 
other genera belonging to America would, perhaps, advance our 
knowledge in an interesting manner, if the larvae were known. 



November 6, 1872. 
The President in the chsdr. Twenty-four members present. 

Dr. Kneeland gave an account of his recent visit to the 
volcanoes of the Sandwich Islands, the active cratera of 
Mauna Loa and Kilauea on Hawaii, and thie extinct crater 
of Haleakala on Maui. 
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The crater of Klaaea was active in the south lake, the surface of 
the melted lava being about two hundred feet below the -rim, boiling 
and heaving like an ocean, and throwing up blood-red jets about forty 
feet high from the central portion. A fortnight before his visit it 
had overflowed the rim, and a week after his visit it overflowed a 
second time, while the summit crater of Mauna Loa was in full 
activity. 

He gave an account also of the ascent to the summit crater by the 
first party which went up, some days before the one whose account 
has been published in SiUiman's Journal^ and who saw the phenomena 
when grandest Though obliged to leave the party himself, he had 
Che advantage of notes taken by his brothei>in-law, who was the 
first to gain the summit. After a fatiguing ascent they found the 
lava rising like a silvery fountain, estimated at two hundred and fifty 
ffeet high, from a central depression in the floor of the crater, which 
did not exist at the time of Capt Wilke's visit ; the time taken for 
the lava to fall from its highest point was seven seconds ; the lava did 
not flow out of the crater down the mountain side, but fell back into 
the crater, forming a small fiery lake. The flow commenced on 
Friday, August 9th, and the light he saw from Haleakala a few 
days after, not knowing, however, that the summit crater was active. 
Most of the eruptions from Mauna Loa have been from points con- 
siderably below the summit; and in the two or three which have 
occurred in the sumndt crater during the last fifty years, the fires 
have either suddenly subsided, or when visited have presented sim- 
ply a smoke without apparent fire. This, therefore, is the first dis- 
play frt>m the summit crater that has been visited either by natives 
or foreigners since the missionary occupation of these islands. 

He described also his ascent to the extensive crater of Haleakala, 
the largest known, being twenty-seven miles in circumference, and 
on an average two thousand feet deep. The scene of utter desola- 
tion presented by this crater he thought must resemble the exterior 
craters of the moon ; he exhibited in this connection photographs of 
Haleakala and the lunar crater Copernicus for comparison. 

He exhibited also specimens of the recent flows from Kilauea, 
which did not apparently difier fixnn the lava of other flows collected 
by Mr. Brigham. 

Dr. ' Eneeland also spoke of several theories which had been pro- 
posed to accoimt for the phenomena of volcanoes. 
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Mr. Brigham said that the last regular emption of Maona 
Loa was in 1868, while that described by Dr. Eneehmd seems 
to be merely a temporary activity, which, however, it is pos- 
sible may burst forth with much greater violence. He then 
described the usual condition of the crater which he had vis- 
ited with the late Mr. Horace Mann. Mr. Brigham remarked 
that it was very difficult to account for the jet of lava de- 
scribed by Dr. Kneeland, for while the fountains hitherto ob- 
served have been situated below some basin of molten lava, 
upon which their existence evidently depended, this fountain 
was at the summit of the mountain. 

Dr. T. Sterry Hunt spoke of the various theories which 
had been proposed to account for the phenomena of volca- 
noes. 

Afler alluding to the now discarded chemical theory of Davy, he 
referred to that view which supposed a centre in igneous fusion, 
covered by a thin crust This, for various reasons, is now rejected 
by the best physicists, who are led to regard the earth as having a 
crust of several hundred miles in thickness, if not indeed solid to the 
centre. To conciliate this condition of things with the phenomena 
of volcanic eruptions, the notion of a portion of the original igne- 
ous mass still remaining in a liquid condition between the solidified 
centre and the crust, has been maintained by Hopkins and Scrope, 
but is far from satisfactory. There is, however, still another view 
which was put forward by Keferstein and by Sir John F. W. Hers- 
chel in 1834 and 1836, and for the past fourteen years had been re- 
peatedly set forth, explained and developed by the speaker. Accord- 
ing to this hj'pothesis the seat of volcanic activity is to be sought not 
in still uncongealed portions of the once liquid globe, but in deeply 
buried sedimentary strata, which, permeated by water and brought 
into a state of igneo-aqueous fusion, generate by the chemical reac- 
tions between their heterogeneous elements, both the gaseous and the 
liquid products of volcanoes, as well as the various plutonic rocks. 
This was maintained by Dr. Hunt in the Canadian Journal for May, 
1858, the Qtior. Geol. Jiwinki/ for November, 1859, in Silliman's Jour- 
nal for May, 1861, and more recently In the Geological Magazine for 
June, 1869, in a paper " On the Probable Seat of Volcanic Action." 

In these various papers, and elsewhere, the relations apparent be- 
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trreen volcanic and plutonic phenomena and great accumulations of 
sediments were insisted upon. It was maintained tliat the action of 
internal heat upon these would result not only in the softening and 
chemical change of the lower part of these sediments, hut also in a 
sodening of the underlying floor of older crystalline rocks; thus 
establishing a line of weakness or of least resistance in the earth's 
crust coincident with that of the great accumulations of sediment. 
From this, it was claimed, it would result that the wrinkling or cor- 
rugation of the earth's crust due to a contracting nucleus would be 
determined along the lines of great sedimentation. 

The source of heat required to produce these, effects was assumed 
by Herschel (as previously suggested by Babbage) to be the incan- 
descent nucleus of the globe, a view in which the speaker had ac- 
quiesced. Eeferstein, on the contrary, rejecting an internal source of 
heat, had supposed it to be generated by a chemical process in the 
sediments, which he compared to a fermention. Very recently Le 
Conte has proposed a view which unites the two, supposing the inter- 
nal heat to set up a chemical action in the buried sediments, which 
once connnenced, may augment their temperature even to the fusing 
point. It was maintained by Dr. Hunt that the chemical actions 
which would take place in the buried sediments would be of a nature 
rather to absorb than to give out heat, and such. views were hence to 
be rejected. It seems, however, probable that the seat of volcanic 
activity is to be found at depths where the heat derived by conduc- 
tion from the nucleus would not be adequate to produce the effects 
required, and there still remained the hypothesis that the heat nught 
be in part generated by local physical causes. This was, it is be- 
lieved, first suggested by a member of this Society, Mr. George L. 
Vose, in his able and scholarly little book, entitled Orographic Ge- 
ology, published in 1866. lie there, while recognizing with Sorby the 
conversion of mechanical force into chemical action, insists that *' the 
enormous pressure generated by the folding of masses of rocks, the 
depth of which is measured by miles," is an agent capable of pro- 
ducing great changes, and declare? the causes of the conversion of 
sediments into plutonic rocks like granite to be " mechanical compres- 
sion^ toith the heat and chemical action which prooeed therefrom f* 
adding, in a note, in allusion to the view which explains these 
changes by heat conducted from beneath, ^* we should prefer to get 
the heat needed by the compression which accompanies the distur* 
bance of the strata where metamorphism occurs." lOroffrcq)hic Cr«- 
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otogy, pp. 129, 130.] This view of Vose is confirmed by the late 
researches of Robert Mallet, communicated to the Royal Society of 
London in June, 1872, who concludes that ** as the solid crust sinks 
together to follow down the shrinking nucleus, the work expended in 
mutual crushing and dislocation of its parts is transformed into heat, 
by which at the places where the crushing sufficiently takes place 
the material of the rock so crushed, and that adjacent to it, are 
heated even to fusion. The presence of water at such points deter- 
mines volcanic eruption." This view of the source of heat is sup- 
ported by experiments on a large scale undertaken by Mallet. 

Dr. Hunt, while admitting mechanical pressure, as explained by 
Vose and Mallet, to be an important source of subterranean heat in 
the crushed and deeply buried strata, remarked, 

1st. That these, from their depth, are already at an elevated tem- 
perature, so that the heat thus developed comes in to supplement 
that derived by conduction from an igneous centre. 

2d. That it is the heat from this latter source, which, as he has en- 
deavored to show, by establishing lines of least resistance in the crust, 
localizes the effect of the contracting nucleus, and determines the 
region in which the folding and crushing of the crust, with attend- 
ant elevation of temperature, shall take place. 

8d. The seat of this process being in stratified sediments, which, 
besides water, include, in many cases, compounds of chlorine, sul- 
phur and carbon, the origin of the steam and the various gases which 
accompany volcanic eruptions, is explained without supposing an 
introduction of water to the fiised mass from an exterior source. 
With the contributions of Vose and Mallet the theory of plutonic 
and volcanic action advocated by Eefcrstein, Ilerschcl and the 
speaker, would seem to be well nigh complete. 



November 20, 1872. 

The President in tlie chair. Fifteen members present. 

Dr. Kneeland described a trout breeding establishment 
near Truckee, Cal., which he visited last Jane. . He also gave 
a brief account of the fiiuna of the Sandwich Islands, which 
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he described as American ratber than Asiatic. Dr. Knee- 
land presented a number of specimens illostrating his re- 
marks. 

The Secretary read a letter from Clarence Sterling, Esq., 
giving an account of a visit to the Brandon frozen well dur- 
ing July last. The water in the well was, as usual, found 
frozen over. 

The thanks of the Society were voted to Mr. F. Rolfe for 
a fine specimen of African gazelle, and to Mr. Charles Bug- 
gies for a number of bird-nests, eggs, and other specimens. 



Section of Entomology. November 27, 1872. 

Mr. Edward Burgess hi the chair. Eleven persons present. 

Dr. J. L. Leconte, of Philadelphia, who was present, intro- 
duced Mr. J. R. Crotch, of England, who, he said, proposed to 
spend some time on the western coast of America, collecting 
its little known msect fauna. 

Mr. Crotch then described his process of collecting Coleoptera, 
which had been suggested by Chevrolat. Instead of alcohol or other 
fluid, the use of which is so inconvenient to the travelling collector, 
sawdust, carefully sifled* so as to be free from dust, is used. The 
specimens taken during the day are packed loosely with this saw- 
dust in pill-boxes, which are easily labelled and packed away until 
wanted for study. If the insects are large they should be dried by 
the fire, or in the sun, or the sawdust may be slightly moistened with 
alcohol or carbolic acid. Coleoptera, such as Lixus, covered with a 
bloom, of course must be pinned on the spot. 

Mr. Crotch also said that collectors in England fasten the cyanide 
of potassium in their collecting bottles by pouring plaster of Paris 
over it, which prevents the cyanide from deliquescing, and soiling the 
specimen, and is sufficiently porous to allow the escape of the vapor. 
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Dr. Hagen said that some fifteen years ago Dr. Leidy had 
stated that the female of Perthostama aurarUiaca carried 
her eggs in a simple layer glued to the upper side of the 
hemelji^ra, until they were ready to hatch, and then dropped 
the whole layer. Such a habit is exceptional among the 
Hexapoda. Dr. Hagen said it was diflScult to conceive how 
the female placed her eggs in this manner. As such speci- 
mens are not rare in the summer, it would be easy to observe 
the habits of these insects, and to hatch the eggs. He ex- 
hibited specimens of the P. aurarUiaca with the attached 
eggs. He possesses some cast similar layers of eggs from the 
Himalayas ; the eggs in one of these layers have all hatched. 

He also showed a number of specimens of Achlysia^ the 
nympha of Hydrachna^ attached by the head to different 
parts of the body and legs of Perthoatoma and JSdoatoma. 



December 4, 1872. 

The President in the chair. Twenty-four persons present. 

Dr. C. T. Jackson gave the following results of an analysis 
of meteoric iron, etc. 

Analysis of Meteoric Ibon from Los Angelbs, Cal. 

The original mass is stated to have weighed eighty pounds, and 
was seen to fall. A slice of it weighing thirty-seven grammes was 
presentc4 to me by Mr. E. N. Winslow, of Ilyannis, Cape Cod. The 
specific gravity, taken on the whole piece, was 7.9053. The polished 
surface of the specimen acted upon by diluted nitric acid, instead of 
presenting the usual Wiedmanstatian figures, exhibited innumen^ 
ble minute scales of Schreibersite, pretty uniformly mixed with the 
iron, giving the surface a sort of micaceous appearance. 

One gramme was sawed from the specimen for analysis, and was 
dissolved in nitric acid. The insoluble matter when reduced by the 
blowpipe gave of metallic tin 0.01 per ct. The oxide of iron sep- 
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arated by succinate of ammonia in the presence of chloride of am- 
moniom when burned, redissolved in nitric acid and reprecipitated 
hy ammonia, gave on calculation, from the peroxide, metallic 
iron 80.74 per cent. The nickel, precipitated by potash, washed 
dried, and ignited and weighed, gave on calculation, metallic nickel 
15.73 per ct Phosphorus and other undetermined matters then 
weighed S.52 per ct. This analysis 6hows that this iron is certainly 
of meteoric origin. 

Dr. Jackson then alluded to the various theories of me- 
teorites, and spoke of their great abundance in the western 
XJnited States and in Mexico. Dr. Jackison also spoke of the 
remarkable absence of fossil meteorites, none having been 
found even in Tertiary strata, until a recent discovery said 
to have been made in Greenland, in basaltic rocks. 

Capt. N. E. Atwood spoke of the distribution o{ the com- 
mon squid {Ommastrephea sagittatua). Sixty years ago the 
squid was extremely abundant at Provincetown, Cape Cod, 
but began about 1847 to become less plenty until in 1867 be 
had been unable to find a single specimen. Since that date, 
however, a few had been found, and this season they sud- 
denly appeared in countless numbers. A century ago the 
squid was quite abundant on the Grand Banks of New 
Foundland, from which they had disappeared by his boy- 
hood, but lately had become somewhat abundant, and this 
year extremely so, as at Provincetown. 

In the course of remarks called forth by Capt. Atwood's communica- 
tbn Dr. Packard stated that a colossal squid had been taken by the 
crew of a Gloucester fishing vessel while upon the Grand Bank. 
Its longer arms were ten feet in length. He had taken a photograph 
of the beak to Prof. Steenstrup, Director of the Museum at Copen- 
hagen, who identified it as belonging, without much doubt, to Archi" 
teuthis dux Stp. The specimen in the Copenhagen Museum had 
come fix>m near the Bahamas. 

The jaw of a squid, probably twenty to tliirty feet in length, pre- 
sented by Capt. Atwood to the Essex Institute, had also been identi- 
fied as probably ArchUeuthis monachus of Steenstrup. This was 



Digiti 



ized by Google 



Packard.] 256 [Dooember 18^ 

called hj the Danes '' Sea Monk." It has been found driven ashore 
on the coast of Denmark. He had also seen, by the kindness of 
Prof. Steenstrup, a large cuttlefish at the Copenhagen Museum jvkgt 
brought in from Iceland. Its longer arms measured about twelve 
feet in length. 

Dr. Packard exhibited drawings and gave a brief aocoont 
of a new species of Bopyrus found by Dr. Gissler in the bran- 
chial cavity of a Hypolite found in New York harbor. It 
was allied to the Bopyrus squiUarum of Europe, but differed 
in some important particulars. The minute male was found 
with its head under the basal gills of the female. 

He also noticed briefly the development of Gelasimtts pu^ 
nax Smith, from Ft. Macon, N. C. For the identiflcation <rf 
this species he was indebted to Mr. S. I. Smith. Be had 
studied the embryo just previous to hatching. It seemed to 
agree, as regards the end of the abdomen, with that of Se- 
sarma, and was of the usual zo^a form previoas to the first 
moult, particularly as regarded the anteiior claws. He 
thought the differences between these feet were produced 
9 comparatively late in larval life. 

Dr. Brewer announced the gift of a rare goose (Anser 
frontalis), from Gardner Brewer, Esq. 

The donation of a porpoise by Capt. Atwood was also 
announced. 



December 18, 1872. 

Vice-President R. C. Greenlea^ Esq., \n the chair. Eleven 
members present. 

Dr. J. Curtis, of the U. S. Geological Survey, gave an ac- 
count of a visit made to the Yellowstone National Park, in 
Wyoming Territory, last summer, describing briefly its scen- 
er}', geology, etc. Dr. Curtis also presented a number of 
specimens irom that region. 
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January 1, 1873. 

The President in the chair. Twenty persons present. 

Capt. C. M. Scatnmon, U. S. Rev. Marine, was elected a 
Corresponding Member. 

Messrs. George B. Shattack, M.D^ Thomas P. James, AU- 
ston G. Boave, Henry L. Moody, James Dwight and E. Preb- 
ble Motley were elected Resident Members. 

The President read extracts from a letter from Dr. C. F. 
Winslow relating the discovery of human remains in Table 
Mountain, Cal. 

In 1856 I made a commnnication to the Society in relation to human 
remains foand at the depth of many feet below the surface of Table 
Mountain in California. Within three years IVof. Whitney has 
called the attention of the scientific world to other remains found in 
placer drift at a great depth beneath the surface of that mountain. 
The depth at which the first were found was, if I remember cor- 
rectly, one hundred and eighty feet Those described by Prof. Whit- 
ney were found at one hundred and thirty feet, and some distrust as 
to their identity has been entertained in certain scientific quarters. 
The verification of such discoveries is aU important to the interests 
of science, and I take great pleasure in communicating another 
fact to the Society of the same character; and in order that the 
record may in this instance be placed beyond dispute, I have re- 
quested my informant to substantiate his statement made to me in 
due legal form before a notary public. 

During my visit to this mining camp I have become acquainted 
with Capt David B. Akey, formerly commanding officer of a Califor- 
nia volunteer company, and well known to many persons of note in 
that State, and in the course of my conversation with him I learn 
that in 1855 and 1856 he was engaged with other miners in running 
drifts into Table Mountain at the depth of about two hundred feet 
from its brow, in search of placer gold. He states that in a tunnel 
run into the mountain at the distance of about fifty feet from that 
upon which he was employed, and at the same level, a complete Au- 
man skelettm was found and taken out by miners personally known to 
him, but whose names he does not now recollect. He did not see the 
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bones in place, but he saw tbem after thej were brought down from 
the tunnel to a neighboring cabin. All the bones of the skeleton 
apparently were brought down in the arms of the miners and placed 
in a boXy and it was the opinion of those present who examined 
them that the skeleton must have been perfect as it laid in the drifL 
He does not know what became of the bones, but can affirm to the 
truth of ^s discovery, and *that the bones were those of a human 
skeleton, in an excellent state of preservation. The skull was 
broken in on the right temple, where there was a small hole, as if a 
part of the skull was gone, but he cannot tell whether this fracture 
occurred before the excavation or was made hy the miners. He 
thinks the other bones were perfect. He thinks that the depth from 
the surface at which this skeleton was found was two hundred feet, 
and from one hundred and eighty to two hundred feet from the open- 
ing cut or face of the tunnel. The bones were in a moist condition, 
found among the gravel and very near the bed rock, and water was 
running out of the tunnel. There was a petrified pine tree, from 
sixty to eighty feet in length and between two and three feet in di- 
ameter at the butt, lying near this skeleton. Mr. Akcy went into the 
tunnel with the miners, and they pointed out to him the place where 
the skeleton was found. He saw the tree in place and broke speci- 
mens from it He cannot remember the name of this tunnel, but it 
was about quarter of a mile east of the Rough and Ready tunnel 
and opposite Turner's Flat, another well known point He cannot 
tell the sex of the skeleton, but it was of medium size . The bones 
were altogether, and not separated, when found. 

On the same level at which this skeleton was found, but frx>m other 
tunnels, Mr Akey saw many bones of animals taken, but no other 
human remains. Among these remains were mastodons* teeth 
and bones of smaller animals tlian mastodons, the names of which 
he does not know. Petrified wood was very common, and pine 
cones, and pitch, and bark were found at these levels and among the 
gravel. 

Overlying these placer deposits and organic remains was volcanic 
matter consisting of lava or of " honey-combed " material. 

Many other details in connection with the above Mr. Akey has 
communicated to me; but the main point, the discovery and identifica- 
tion of a complete human skeleton in placer at two hundred feet beloto 
the surface of Table Mountain and overlaid with volcanic matter is 
that alone which I wish to communicate in confirmation of the pre- 
ceding discovery of similar organic remains, first made known to the 
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scientific world by myself, and sabsequently substantiated by the 
accounts of a similar discovery by Prof. Whitney. 

This is to certify that the foregoing statements made to C. F. Win- 
slow, M.D., were taken from my mouth and written by him in my 
presence, and I affirm to their correctness in every particular. 

D. B. Aket. 
Bear Gulch, W. T,, Sept. 18, 1872. 
Witnesses : 

John H. Osborne. 
Abraham Haner. 



January 15, 1873. 

The President in the chair. Twenty-four persons present. 

The Rev. R. C. Wateraton read a letter from Galen Clarke, 
Esq., giving an account of some explorations in the region of 
the Tosemite Valley. 

I have made two excursions up into the high Sierras this past sum- 
mer. One of the trips was up into the Mt Lyell group. It is in 
this group of mountains that the Merced has its rise, and flows down 
through the Yosemite Valley. The Tuolumne and the San Joaquin 
Rivers also rise here at the foot of Mt. Lyell, also some small rivers 
which run east into Mono Lake and Owen's River. I went with Mr. 
John Muir, of Yosemite, for the purpose of examining the great 
snow fields in that group, and to ascertain if there were still any 
evidences of living glaciers there. 

From the ohservations which we made and the local tests which 
we applied, we are positive that there are several glaciers in that 
group which are in constant slow motion. We drove a line of stakes 
across, and found that they had moved, a month afler. Their length 
may average about a mile, and their width, perhaps, half as much. 
Their depth is uncertain, but from appearances it must be several 
hundred feet. 

Mr. Muir has spent much time during the past three years in ex- 
ploring the mountains adjacent to the Yosemite, and in studying the 
forms of the cafions, and mountain formations, and the great agency 
which the glaciers have had in giving them their present shape. 
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Here in the Mt. Lyell gronp we learn the first rudimentary les- 
sons In the great work of glaciers, and after studying them we are 
better prepared to understand their agency in the formation of the 
Yosemite and other canons of the Sierra Nevada. When we see 
the great number of streams of ice, and their great depth, carrying 
along great quantities of rock, grinding and wearing as they are 
crowded onward, and all concentrating into one great flow, like so 
many streams of water uniting to form a va^t river, — we cannot but 
feel impressed with their wonderful agency in forming the Tosemite 
and other great cafions and lakes in the Sierra Nevada. Everywhere 
above the Yosemite and on each side we find the great moraines of 
boulders, and the polished and striated rocks, showing the direction 
of the flow as plainly as if it were flowing at the present day. 

I also went with Mr. Muir to explore the great Tuolumne Canon, 
which from the Uetchy Valley below to the great meadows and soda 
springs above, a distance of over twenty miles, had never been ex- 
plored by any white man, and its general character was entirely un- 
known. 

Afler examining the region around the headwaters of the Yosemite 
Creek, which forms the Yosemite Falls, we went directly to the 
Hetch-Hetchy Valley, which may be called the counterpart of the 
Yosemite on a smaller scale . The highest fall in this valley is eigh- 
teen hundred feet, but not perpendicular. It is a very beautiful val- 
ley, and probably will be more visited in future years. At its upper 
part we left our horses and packs, took our blankets and a few days' 
provisions on our backs and started for the primeval forest. 

It was one of the most interesting trips I ever made, although a 
very hard and fatiguing one. Almost every moment was one of 
great interest throughout the whole distance of over twenty miles. 
The walls of the cafion are from three to four thousand feet above the 
river, — not perpendicular, but standing back at an angle of about 
sixty degrees, — and nearly the whole distance worn and polished 
by glaciers from top to bottom. There is but one place in the whole 
distance where it widens out into a valley of trees and grassland. 
Most of the distance the steep mountain sides come clear down to the 
water on both sides of the river. Sometimes we had to wade up the 
river, there being no foothold on the rocks on either side. In many 
places we climbed over immense boulders, which had fallen firom 
above. One boulder formed a bridge across the river. In other 
places we crawled on our hands and knees under the chaparrel 
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bushes, which were so thick we. could not get through them other- 
wise. It became so fatiguing that we left our blankets and went on 
without them, and spent one night without blanket, coat nor pro- 
Tisions. 

We found quite a number of very beautiful waterfalls, on a small 
scale, in the main river, and some veiy fine small falls on some of the 
side cadons. Near the upper part of the cadon we found some of 
the finest and largest cascades I ever saw. In two different places 
the whole river plunges down over the glacier-polished and carved, 
rocky bed, for a distance of nearly half a mile in each place. 

The main part of the cafion must remain inaccessible to most tour- 
ists, but I think we can, perhaps, make a trail into the upper part, so 
that a visit to these beautiful cascades and the splendid scenery 
around will be possible. 

All the upper portion of the Sierra Nevada Mountains is very 
interesting. From the top of Mt. Lyell or Mt. Dana may be seen 
hundreds of different mountain peaks, mantled with snow, with in- 
finite variety of form and finish. The views are too full of sublime 
grandeur to be described. 

Mr. Waterston also spoke of the peculiar rounding of 
blocks of granite by the intense heat of the great fire of 
Nov. 9th. The rounded outline of these blocks recalls the 
dome-like mountains of the Yosemite, and he suggested that 
similar causes produced these phenomena in both cases. 

With regard to Mr. Waterston's interesting comparison of 
the rounded sur&ces resulting from the exfoliation of granite 
blocks by the action of artificial heat to the roimded outlines 
due to concentric lamination, seen io the great granitic 
domes of Califoniia, Dr. Sterry Hunt expressed an opinion 
that the cause of the phenomena in both cases was the same. 

When angular blocks of a homogeneous, uncleavable, brittle sub- 
stance, like granite, trap-rock or glass, are exposed to changes of 
heat and cold, the layers of equal temperature established within the 
mass, instead of conforming to the exterior surface, will necessarily 
be curved, and the exfoliation naturally resulting firom unequal ex- 
pansion or contraction will give rise to rounded outlines. Prof. 
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Shaler, in a commnnication to this Society, on Feb. S, 1869, at- 
tempted to explain in iim way the concentric lamination of granite 
(long since described by Von Bach), referring it to movements of con- 
traction and expansion in the mass caused by the changes of the sea- 
sons. Dr. Hqnt had elsewhere defended this view of Shaler's (^Amer. 
Jour, Sci.j July, 1870, p. 88), and called attention to. the fact that 
the divisional planes are conformable to the present surfaces of the 
granite masses, and moreover that they are not confined to eruptive 
granites, like those of Rockport, Mass., and Biddeford, Me., bat are 
equally well seen in the granitic gneisses of the White Mountain se- 
ries; as for example, near Augusta, Me., and Berlin Falls, N.H., where 
a nearly horizontal lamination intersects the almost vertical, but ob- 
scurely marked, stratification of the rock. To the action of this 
process on a small scale is due the rounded and boulder-like forms 
of detached masses of granite, which are often found resting upon or 
near the parent rock. Of these there is a remarkable display in 
many places near the frontier of Maine and New Brunswick. A 
similar concentric structure is very generally seen in the weathering 
or superficial alteration of angtdar masses of rock, the lines of chem- 
ical change within which become more and more rounded in reced- 
ing from the surface, in obedience to the same law which we have 
noticed in the conduction of heat, and which applies equally to the 
penetration of meteoric waters, which are in this case the agents 
producing the alteration. 

Dr. Kneeland observed that their peculiar form mast have 
been given to the domes of the Yosemite before the glacial 
period, as they are beautifully polished and striated; and 
showed that the Royal Arches, so called, indicate that the 
concentric structure of these granitic mountains extends to 
a great depth beneath the surface. 

Dr. T. M. Brewer exhibited the specimen of Anser/ron- 
talis, lately shot in North Carolina, and presented to the So- 
ciety by Gardner Bi-ewer, Esq. This is the fourth specimen 
known, and is interesting in showing some variationB in the 
direction of A, gambeUiu 
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Section of Entomology. Jan. 22, 1873. 
Mr. P. S. Sprague in the chair. Eight persons present. 

Dr. Hagen returned the Neuroptera and Pseudoneurop- 
tera belonging to the Harris collection, and presented the 
following report on these groups. 

Report on the Pseudoneuroptera and Neuroptera op 
North America ix the Collection of the late Th. W. 
Harris. By H. A. Hagen. 

ODONATA. 

1. Tramea Carolina L. Hag. Syn., 143, l. 

No. 137. 6 9, East Florida, Mr. Doubleday ; S , New York, Mr. 
Calverlcy.^ 

The specimen from New York by Mr. Calverley, probably firom 
Brooklyn, marks the most northern locality known for this species; 
formerly I had se^n it firom Bergen Hill, N. J., near New York. A 
specimen fix>m Nantucket Island in the collection of the Cambrid^ 
Museum, taken by Mr. Edward Burgess, is the most northerly 
Tramea known, but is probably T, abdominalis Rbr. 

2. Celithemis Eponina F. Hag. Syn., 147, i. 

No. 42. 3 3 3, Mr. Oakes, Ipswich; Dedham, Aug. 1, 1829 ; Mt 
Auburn, Aug. 15, 1849. 

Massachusetts is the northern limit for this species known to me, 
and Rock Island, HI., the western limit. 

3. Flathemis trimaoolata De Geer. Hag. Syn., 149, 1. 
No. 16. 6 6Sy Lib, Lydia Drury; trimactdata De Geer, F.? 

Borders of ponds, July, 1826; North Carolina, June ; Cambridge, 
June 20, 1833. 

No. 19. 3, Lib, trimactdata F. (Say's determ.)*? prtUnosa, Harr. 
Cat, July, 1826. No. 126. 9 9 9, New York, Calverley. 

No. 19 is the Lib. Lydia Say, Joum. Acad. Phil., viii, 20, 5. 

1 In this report the pangnph following tho nsme of the species represented In 
this collection, contains I>r. Ilarris' own notes* indentiflcations» &c., copied liter- 
aUj ftom his catalogue, and begins with his number. 

s In Harris' own catalogue every determination made by Tb. Say is written with 
red ink ; represented here by " Say's determ." The n after the number signldei 
that the spMlmen Ib unique. 



Digiti 



ized by Google 



Hhpbh.] 264 [Juiiuu722^ 

4. Iiibellula pulchella Dnirj. Hag. Syn., 153, 8. 

Na 8. 9 , Milton, June 1821. 

No. 14. ^999, Lib. pulchella Dniry; btfasdata F. ; versicolor f 
F. Borders of ponds, July 1, 1826 ; New York, Calverley. 

It is the Lib. hifastdcUa Say 1. c, 20, 6. 
6. Iiibellula qaadrimaoalata. L. Hag. Syn., 150, 1. 

No. 81 . 9 , u., Lib. ternaria, 6 , Say ; Stow, ^^s., Mr. Sandal 
See the following species. 

6. Iiibellula semiflEuciata Bnrm. Hag. Syn., 151, 2. 

No. 80. 9 , u., Stow, Mass., Randal 9 9 , Cambridge, 1851*; New. 
York, Mr. Calverley. 

In the catalogue the numbers 80 and 81 are united by Say by a 
brace, with the determination, '' Ltb. ternaria msb., 9 d (new Near., 
M88., 24)." 

The two specimens (both with u) are very important, because they 
are certainly tJ^e types described by Th. Say. He gives the locality 
Massachusetts, and adds, p. 22, ^ I have not seen any other specimen 
than the sexes sent me by Dr. Harris for examination." 

Farther my statement, Syn., p. 151, that Say confounded two 
species in his Z. ternaria, is found correct, the male belonging to L. 
quadrimaculatOj the female to L, semifasciata Bonn. Besides it is 
curious, but true, as no other specimens exist in the collection, that 
the specimen described as a male by Say is in reality a female. This 
fact is proved moreover by Say's description, — "inferior process Imrdly 
one-third as long as the others," which agrees very well with the fe- 
male, if the anal valves are taken for the inferior process. In the 
male it is half, or more than half^ as long as the superior. 

Say states that L. ternaria in some characters resembles L. quadri' 
maculata L. of Europe, but the latter has not the terminal wing 
bands. Apparently it was unknown to him, that the variety L. prcB- 
nubila Newm. possesses terminal wing bands, and Harris' specimen 
belongs to this variety. 

As Say's Lib. ternaria confounds two species, and as the male de- 
scribed by him is a female, I believe Burmcister's name preferable, 
indeed it is very likely that his description was published before 
Say's; at least it was published at the same time. 

L. quadrimaculata is in America a northern species, common in the 
Saskatchawan district ; in Wisconsin, where it makes migrations, on 
Lake Michigan, just as in Europe; Bock Island, lU. ; Ogden, Utah; 
Snake River, Idaho ; Bridger Basin, Wyoming. The locality Stofw, 
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Mass., is the most southern limit known. The Tariety L. prtBnubUa is 
more rare, and, as in Europe, stronger developed in the female. Z. 
semifasciala is a decidedly more southern species, and it is remark- 
able, that Stow, Mass., is its most northerly limit known. 

7. Libellula exusta Say. Ztft. /ti/ia Uhler, Hag. Syn., 153, 7. 
No. 65. ^ 9 . Lib, exustus (sic) Say Mss. (Say's determ.) Dr. 

Smith, Sutton. 

Say, loc. cit., 29, 18, describes only the male, and adds, *'I have 
not seen the female. From Dr. Harris." The specimen in the 
collection is also surely a typical one. Libdlula Julia Uhler (Hag.) 
is identical with L. exusta. When Mr. Uhler described his species 
only one specimen in bad condition from Ft. Steilacoom, Puget 
Sound, was known. Later the species was discovered in Racine, 
Wis., and in Massachusetts, and its identity stated by Mr. Uhler. 
The western and northern specimens from Puget Sound, Lake Winni- 
peg, and even from Maine are larger, the basal longitudinal spots on 
the wings smaller, in the posterior wings not covering the triangle. 
Tlie mature male has the thorax above bluish, and the abdomen, ex- 
cept the apical half, always blackish. The typical Lib, exusta has 
two pale bands on the thorax, which are not bluish in the adult ; the 
abdomen entirely bluish ; the basal longitudinal spots reaching the 
arculus and filling the triangle in the posterior wings. Nevertheless 
I am unable to discover specific characters, and consider both forms 
te belonging to the same species. Indeed I was at one time inclined 
to consider the southern and smaller L. deplanata Rbr. as belonging 
to the same species, just as we find sometimes in Sicily common 
northern European species, only half size . But a more detailed ex- 
amination gives some differences in the genital parts, which I con- 
sider of importance enough to separate the two species. 

The left hind wing of the male in the collection shows a rare and 
interesting monstrosity in the formation of the triangle. 

8. Libellula deplanata Rbr. Hag. S^-n., 154, 10. 

No. 56. Dr. Smith, Sutton. Var. 9 , Mr. Nuttall, Pennsylvania. 

The specimen from Sutton is no longer in the collection ; the variety 
IS the true L, deplanata, Harris seems to have doubted in the same 
manner as I have if the two species are really different. It is worthy 
of remark that L. exusta is the representative species of the Europ- 
ean Z. fulva in North America. I have never seen specimens of L. 
deplanata from Massachusetts ; Pennsylvania is now the most north- 
em limit. 
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9. Libellola auripennis Burm. Hag. Syn., 155, 11. 

No. 138. if East Florida, Mr. Doubleday; 9, New York, Mr. 
Calverley. 

" Much like Lydia Drury, ii., pi. 47, 1, but is smaller. It re- 
resembles also Nos. 21 and 68 (L&&. quadrupla), but is not the same." 
I suppose the specimen from* New York, Calverley, is from Brooklyn; 
this locality and Bergen Hill, N. J., are now the northern limit for 
this southern species. 

10. Libellula quadrupla Say. Hag, Syn., 157, 16. 

No. 21. 6 6t Lib, quadrupla Say mss., male, see No. 68 (Say^s 
determ.), Milton, Mass. Borders of ponds, July, 1826. 

No. 22. S , immature, same locality. 

No. 68. 9 9, Lib, quadrupla Say mss., female, see No. 21 (Say's 
determ.), Cambridge, Bethune. 

Say describes the species from Massachusetts; the sexes were 
sent by Dr. Harris. Of course the specimens in the collection are 
types. 

11. Mesothemis longipennis Br. Hag. Syn., 178, 7. 
No. 140 a. No. 141 9, both New York, Mr. Calverley. 

This is a more southern species. New York (Brooklyn) in the east 
and Chicago in the west are the most northern limits. 

12. Mesothemis simplicicollis Say. Hag. Syn., 170, 1. 
No. 50. if Lib, simplicicollis Say mss. 36, Aug. 10, 1882. 

Say, 1. c, p. 28, 16, adds, of the male, — I have but one specimen. . . 
Dr. Harris sent me a specimen for examination. As the male frag* 
ment in the collection is marked u, there is no doubt that it was the 
type. Massachusetts seems to be the northern limit for this species. 

13. Diplax Elisa Hag. Syn., 182, 15. 

No. 131. 3 9, Cambridge, May 10, 1838. New York, Mr. Cal- 
verley. 

14. Diplajc ornata Rbr. Hag. Syn., 182, 16. 
No. 139. ^ , East Florida, Mr. Doubleday. 

15. Diplax Berenice Drury. Hag. Syn., 178, 8. 

No. 8. 3 9 9, Lib, Berenice Drury, var. (Say's determ.). Not ao^ 
Julia mihi (Harr.). Milton, June 20, 1821. New York, Mr. Cal- 
verley, 9. 

No. 9. 9 9, Lib, Berenice Drur. (Say's determ.). Milton, June 20, 
1821 ; New York, Mr. Calverley. 

The specimens No. 8 are the typical male and female; the females 
No. 9 are the second form of the female described and figured by 
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Dnuy. There is no doubt that both forms belong to the same spe« 
cies ; Harris in his note to No. 8 considered them different. As Saj 
stated that he received a specimen £rom Dr. Harris, the specimens in 
the collection are to be considered as types. 

16. Biplax viclna Hag. Syn., 175, 4. 

No. 6. Lib, rvbicundula Say Mss. (Say's determ.). 6 9 i. 

The cataloguti mentions the following six specimens : Milton, 1820, 
Sept. 30, 1821; Sept., 1829; ^ ?, Oct. 7, 1837. There are^nly 
four specimens in the collection, the same number as stated by Mr. 
S. H. Scudder, Proc. B. S. N. H., x., p. 221. Two of them have la- 
bels written on apparently newer paper and marked 6 and 9 . Ap- 
parently those are the specimens taken Oct. 7, 1837. Of the two 
remaining the male is D, vicinoy the female is probably D. rubicund 
dtUa Say. I say probably, and it is stated to be so in Mr. Scudder's 
very elaborate paper, but as the specimen is in very bad condition, 
even the vulva lamina wanting, there is no absolute certainty. But I 
believe Mr. Scudder's determination is the right one, as is his suppo- 
sition that it is probably the specimen received by Mr. Say. Mr. 
Scudder's statement that L, ambigua Rbr. was referred by me erro- 
neously to L. rubicundtda is also right. Apparently this was some 
lapsus calami as L, ambigua is also referred by me to Z. albijrons 
Chp. 

17. Diplax rubicundula Say. Hag. Syn., 176, 6. 

No. 6. 9 6, Lib, rubicundula Say ; New York, Mr. Calverley. 

The female is spoken of above from Massachusetts, belonging to 
one of the three first given dates. The New York specimen is a 
fragment of a male. 

No. 7. $ , fragment from Maine, belongs probably here.^ 

18. Diplax albifrons Chp. Hag. Syn., 177, 7. 

No. 5. 6, Lib. rubicunda Say mss., var. (Say's determ.). » Milton, 
June 20, 1821. 

The specimen is a fragment of an immature male, belonging, as I 
believe, to this species. 

19. Biplax semicincta Say. Hag. Syn., 176, 5. 

No. 7. 9 , Lib. semicincta Say mss. (Say's determ.). Milton, 1820, 
and a later addition, Maine, Randal, 9 S^ 

Of the Maine specimens only a fragment of the male exists, be- 
longing to D, rubicundula. The female taken in 1820 is D, semir 

^ The description of Lib. rvibicandula in Harris' Corrcep., p. 2SA, belongs to ttiii 
ppeeies, bat apparently not to the specimens now in the collection. 
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ewetOj a firagment without the head, but as Say only describes the 
male, it cannot be his type. There is in the collection a male with a 
red label and printed number 219, perhaps a later addition. 

20. Diplax xninascxila Rbr. Hag. Syn., 182, 18. 
No. 142. S 9 , East Florida, Mr. Doubleday. 

21. Ferithemis tenera Say. Hag. Syn., 185, i. 

No. 49. Lib. tenera Say Mss. 42 (Say's determ.). Milton, Joly 
10, 1831. 

As the fragment of the specimen is labelled u, and as Mr. Say as- 
cribes his species to Massachusetts, it may be the type. It is the ie- 
male of the well known race (?) of P. domitia. The nude is X. ten- 
uicincta Say. 

There are in the Harris collection some nymphe belonging to Li- 
bellula, and some nympha skins of Diplax. They were placeid with- 
out any indication near PL irimactdatay to which species the nyniplue 
does not belong, as I know that of this species, and near Lib. extucta^ 
the nympha of which is still unknown. Near the Libellula nymphse, 
on the bottom of the box, was a pencil mark " N. Y."; perhaps it ia 
the locality. 

CORDULINA. 

22. Maoromia transversa Say. Hag. Syn., 135, i. 

Nd. 72. ^9, Lib. transversa Say mss. (Say's determ.). Dufy- 
mops ServiUei Rbr. Randal, Stow, Mass. 

As Say described this species after a male specimen sent by Dr. 
Harris, the specimens in the collection have a typical value. 

The larva was placed in another box; I supposed long ago that it 
belonged to this species, and in the Cambridge Museum is die imi^ 
and the^iympha skin placed in the same bottle, making the identity 
probable. The larva is described by Dr. A. S. Packard, 1st Ann. 
Rep. Insects Mass., 1871. Stow, Mass., is the most northern limit 
for the species known. 

23. Epitheca forcipata Scudder, Proc. B. S. N. H., x., p. 216. 
No. 148. i, Lib. tenebrosa Say (Harris' determ.). Maine, Mr. 

Randal, 1836. 

The description of Mr. Say shows clearly that the species cannot 
be his L. tenebrosa, as presumed by Dr. Harris. Baron De Sclya 
Longchamps having Mr. Scudder's type decided it to be identical 
with C. chalybea Hag. Syn., 138, 7 (without description) from Nova 
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Scotia. Other localities known are Maine, New Hampshire and Ft. 
Resolution, Hudson's Bay. This species imitates closely Ep. arctica 
Zett. from Europe, and perhaps E, semicircularis De Selys, 1. c, p. 
61, 87 (described from a single male from the Gulf of Georgia, in the 
Cambridge Museum), is only a race of the same species. 

24. Epitheoa ? obsoleta Say. Hag. Syn., 136, % 

No. 1. Lib, obsoleta Say Mss., 38 (Say's determ.), Milton (mead- 
ows), 1820. 

Say's type was ''a female specimen, sent for examination by Dr. 
Harris." As the only specimen in the collection is a female, and la- 
belled u, it is doubtless the type seen by Say. I may add that the 
same specimen is the type of Baron De Selys Longchamps, as the 
Society, with the liberal wish to aid the work of this well known nat- 
uralist, allowed this treasure and some similar rare ones to be sent to 
Belgium. All have been returned uninjured, or, rather, in the same 
poor state as they were when sent. 

This is one of the rarest and most interesting North American spe- 
cies. Besides the specimen from Indiana described by Mr. Say, only 
three other specimens are known, all seen and studied by me. The 
female in Harris' collection; the type of Lib, polysHcta Burm. (Didy^ 
mops obsoleta Hag. Syn.) now in my collection, which is a male from 
New Orleans, and thirdly the female from Bock Island, BL, de- 
scribed by Mr. Walsh as Cordtdia molesta. The latter was destroyed 
J)y the Chicago fire, and was studied by me in 1868 at the author's 
home. I should state that Mr. Walsh was induced by an omission in 
my Synopsis to overlook the identity of his species with Didymops 
obsoleta Say and Hagen, as I said in the short diagnosis of the genus, 
p. 135, — ''tarsal nails bifid, the branches equaL" I was aware that 
this character applied only to the drst species, but I forgot to mention 
its absence in the second species. At that time only having be- 
fore me the specimen of Burmeister, an immature male in very bad 
condition, I did not like to found on such insufficient material a new 
genus, and put them therefore in the genus I believed to bo the most 
suitable. The species is really an aberrant one, and even Baron De 
Selys Longchamps in his excellent work (Synopsis de Cordulines, p. 
47) having before him both sexes (Harris* and Burmeister's types) 
preferred to refer them provisionally to Epitheca, as even in this pair 
the reticulation is not identicaL 

25. Cordulia TJbleri De Selys, 1. c, p. 40. 
No. 77. ^ , CorduliOf Bandal, Stow, Mass. 
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This male, the only one known, and in very bad condition, has 
been in Baron De Selys Longchamps' hands, and besides this the 
very impexfect fragments of the female, from New Jersey, in Mr. P. 
R. Uhler*s collection. 

This beautiful species imitates by the spotted border of the wings 
E. ohsoleta. For both species new and more perfect specimens are 
necessary to determine surely their position. 

26. Cordulia cynosura Say. C lateralis Burm. Hag. Syn., 
189, 15. 

No. 75. S, Lib. cynosura Say mss. (Say's determ.). Bandal, Stow, 
Mass. 

Say describes only the male from Massachusetts, sent to him by 
Dr. Harris. Of course the specimen in the collection is a typical 
one, and agrees with the type of C, lateralis Burm., now in my col- 
lection, as stated in the Synopsis and by Baron De Selys Long- 
champs, 1. c, p. 36. I preferred to use Prof. Burmebter's name in 
my Synopsis, assured by his type, and in the case of this species, as 
in some others, it is difficult to settle the question of priority. Prof. 
Burmeister's book has on the title page 1839, but at this time it was 
the common practice in Europe to postdate all books. I cannot 
decide if it was done in this case, and I am sure that I did not see 
the book before 1839. Say's paper was published in 1839, and prob- 
ably simultaneously with Burraeister's. The fact that the former 
was read in 1836 gives the author's names no claim to priority. 

M. le Baron De Selys Longchamps agrees, L c, p. 38, with my 
doubts about the difference between C, cynosura and C. semiaquea 
Burm., and he adds, — " et je pense qu'il sdrait preferable de ne les 
consid^rer que comme deux races." I have seen C. cynosura from 
Massachusetts, Ohio, Illinois, Pennsylvania, Louisiana, Florida, and 
C semiaquea from Massachusetts, District of Columbia, Georgia, 
South Carolina, Florida. C semiaquea is the Tetragoneuria semiaquea 
Syn., 140, 1, and T. diffinis Syn., 141, 8, is only a variety of it, ac- 
cording to Baron De Selys T^ngchamps, as well as C. complanata 
Rbr. 

The variation in size, color and basal spot of the wings is consider- 
able, and a careful study of the species a decided necessity. 
27. Cordulia lepida De Selys 1. c, p. 30, No. 14. 
No. 79. 9 , Randal, Stow, Mass. 

This interesting new species seems not very rare, and is known 
now from Maine, Massachusetts, New York, New Jersey, Maryland* 
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I possess the immature stages raised hy Mr. E. T. Jones, of Port- 
land, Me. It is the smallest species of Cordulia known. 

AESCHNINA. 

28. Anax Junius Drvary. Hag. Syn., 118, 1. 
No. 127. 6f Gomphus Junius Drury, Milton. 

Massachusetts is the northern limit for this widely spread species, 
common throughout the United States, from the Atlantic to the Pa- 
cific, and in the West Indies, Mexico, Kamschatka, China, the Sand- 
wich and Society Islands. 

29. Epiaeschna Heros T. Hag. Syn., 128, 20. 

No. 13. 6 9 9, Aeschna Heros'F,; muUicincta Say, Joum. Acad., 
Vol. 8, p. 1. Milton, June 15-30, 1823, 6 9 ; Sept 1822, 9 ; New 
York, Mr. Calverley, 9 . 

In the collection is the pair from Massachusetts and the female 
from New York. Massachusetts is the northern liinit known for this 
species. A description of Ae. Heros is given by Dr. Harris, Corresp., 
p. 826. 

30. Aeschna clepsydra Say. Hag. Syn., 122, 5. 

No. 45. 6fAe. clepsydra Say MSS. (Say's determ.). Milton, Aug. 
1, 1828; Cambridge, July, 1832 ; Aug. 15, 1836. 

There are two specimens in the collection ; the other specimen in- 
dicated belonging to the next species. Perhaps a species with a 
northeastern habitat, common to Maine, Massachusetts, extending to 
New Jersey and Maryland, and in the west to Illinois, where they 
seem more rare. 

81. Aeschna constricta Say. Hag. Syn., 121,4. 

No. 45. S . 

The specimen belongs to one of the three dates given above. 
The species is more common and more widely spread than the fore- 
going one. 

32. Aeschna Janata Say. Hag. Syn., 125, li. 

No. 2. $9, Ae. Janata Say mss. (Say's determ.). Milton, mead- 
ows. May 10, 1828; June, 1821 ; June, 1823, 

Say describes the species from Massachusetts, and adds, — " sent 
to me by Dr. Harris. I have not seen the female." Of course the 
specimen is to be considered as type. 

The species is very rare. I have never seen it in Europe, and 
even here only two pairs, one in Harris' collection, the other in the 
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Cambridge Museum, both from Massachusetts, and a male from the 
White Mountains, N. H., Shurtleff, in the B. S. N. H. collection. 

88. Gtomphaeschna ftircillata Say. Hag. Syn., 131, 25. 

No. 52. 6 6, LiheUula (Gompkus) furciUaia Say xss. (Say's de- 
term.). Dr. Smith, Sutton. 

Mr. Say described only the male from Massachusetts. He had 
seen only the individual sent for examination by Dr. Harris, and a5 
the male in the collection is labelled u, it is doubtless the tj-pe. 
There is in Harris' collection a male labelled 15 June, 1855, a later 
addition. 

The species is very rare. In Europe there is only the male type 
described by Rambur, now in the collection of Baron De Selys Long- 
champs ; the female has never been described. There is a female 
from Brookline, Mass., June 8, 1864, in the B. S. N. H. collection. 
In the Cambridge Museum there is a male labelled Sept., Druid 
Hill (locality unknown to me), a female from Massachusetts, and 
another from Detroit, Mich., August. I was told that the spe- 
cies is common near the Detroit River, and had njmphsB given to 
me probably belonging to this species. Perhaps it is a northern 
species. 

84. Neuraesohna vinosa Say. Hag. Syn., 130, 24. 

No. 71. 6, Ae, vinosa Say Mss. (Say's determ.). Cambridge, 
Aug. 15, 1832. 

Described by Mr. Say from Massachusetts, from a Harris speci- 
men. Of course it is to be considered as type. 

Whether the name of Mr. Say was published before that given by 
Prof Burmeister, Ae, ^-guttata, is, as I have stated, not yet decided. 
This species ranges from Maine to Tennessee, and seems not very 
rare. It is the representative species of N, Irene of Europe. 

There is a fragment of Aeschna larva, young and not determinable, 
' in the collection. 

GOMPHINA. 

86. Hagenius brevistylos Selys. Hag. Syn., 114, 1. 

No. 51. 9, Gomphus (Ictinwi) raptor Harris mss. Imago and 
pupa. Dr. Smith, Sutton. There is also another pupa in the collec- 
tion. 

The specimens are very important, as the curious pupa, formerly 
thought by me to belong to Petalura Thoreyij is shown to belong to 
this remarkable species, which seems to have a wide habitat, for I 
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have seen specimens fix)m the upper Wisconsin Birer, and from 
Texas, and many localities between these, and pup® also from Kan- 
sas. 

86. Oomphus eidlis Selys. Hag. Syn., 108, 28. 

No. 4. 69 J June, 1821, and Dr. Smith, Sutton. Ae.fratema Say 
M88. (Say's determ.). 

The specimens are surely not Say's Ae. fratema, as the descrip- 
tion and size do not agree, though Mr. Say himself named them. 
Say's types were not from Massachusetts, nor were they communi- 
cated to him by Dr. Harris. Apparently his determination was made 
later and was an error of memor}-. 

87. Cordulegaster Sayi Sclys. Hag. Syn., 115, i. 
No. 73. 6y Ae, obtiqua Say Mss., Tar. (Say's determ.). 

Note by Dr. Harris : — " Say thought it a variety of his obtiqua 
bat it is a different species." Randal, Stow, Mass. 

Say describes a male variety of his Ae,obliqwi, sent by Dr. Harris. 
Of course the male in the collection is the type, agreeing with Say's 
diagnosis. The type of C lateralis Scudder is identical with Harris' 
specimen. In my Synopsis I erroneously referred Say's variety to C. 
macukUtts, 

88. Cordulegaster maoolatus Selys. Hag. Syn., 115, 2. 

There is in the collection a male specimen. No. 7S, not indi- 
cated in the catalogue, perhaps a later addition, belonging to this 
species. Both species seem to be rare. 

A fragment of a Gomphus njrmpha, without label, is in the coUec- 
don. 

CALOPTERYGINA. 

80. Calopteryz maoulata Beauv. Hag. Syn., 57, 4. 

No. 44. 6 6 6f Calepteryx opaca Say mss. (Say's determ.). See 
No. 43. 

Mr. Oakes, Ipswich ; North Carolina, Prof. Hentz ; New Jersey, 
Mr. Calverley, 6 ; Cambridge, June 25, 1841, 6 9 ; the female is 
numbered 46. 

No. 43. 6 8, Calepteryx opaca ? Say mss. var. ? (Say's determ.). 
Mr. Hentz, Northampton, June. 

No. 46. 9 9 9 9 9, Agrion virga ? Drury (Harris' determ.). CaL 
? matema Say mss. (Say's determ.). Milton, June ; North Carolina, 
Prof Hentz ; Dr. Smith, Sutton; New Jersey, Mr. Calverley. 

PBOCEB nrOB B. B. ir. H.— V0(^. XV. 18 APBIL, 1878. 
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Say, L c.) 82, 2, gives the locality Massachusetts for his C. opacoy 
and adds, — '* for this species I am indebted to Dr. Harris." Of 
course the specimens No. 44 are types. The males, No. 43, are im- 
mature. All these specimens belong to C. ntaculata. 

Calopteryx maculata is a species spread over the whole United 
States east of the Rocky Mountains. I have seen a great number of 
specimens from Maine to Florida, and from Illinois to Texas. I have 
seen some females from Illinois and Maine which differ in the color- 
ation of the wings, and are more similar to the European C virgo. 
Nevertheless the males of the same localities, even found together 
with such females, are not dififerent from C maculata. It would be 
interesting to have further observations on this variety. 

40. Calopteryx OBquabilis Say. Hag. Syn., 58, 5. 

No. 53. (J, Calepieryx (Bquabilis Say Mss. (Say's determ.). Dp. 
Smith, Sutton. 

No. 54. 9 , CaL ? fugitiva Say mss. ; see No. 74 (Say's determ.). 
Dr. Smith, Sutton. 

No. 74. 9, CaL *ifuffttwa Say mss. var., see No. 64 (Say's de- 
term.). Dr. Smith, Sutton. 

The male. No. 53, and the female, No. 54, agree well with Say's 
description, and as he gives the locaUty Massachusetts, and adds, — 
" a female specimen, also sent me by Dr. Harris," there is no doubt 
of the typical character of the specimens in the collection. I have 
seen the species from Hudson's Bay, Maine and Massachusetts, and 
they are surely identical with the specimens from Hudson's Bay, 
quoted under C virginica in my Synopsis, from Baron De Selys 
liongchamps' collection. At the time the Synopsis and the Mono- 
graph of the Calopterygines were published I had seen no specimen. 
Even now the specimens from Georgia, in the British Museum, and 
from Virginia, quoted by Drury, should be examined again. The 
name given by Say has the priority over the name given by West- 
wood to Drury's species. 

There is a young larva of a Calopteryx in the collection, the only 
I have seen until now from the United States. 

41. Heterina americana F. Hag. Syn., 60, 5. 

No. 47. $ if Agrum (Lestes) basalts Say mss. (Say's determ.). 
See No. 48. Pickering, Salem. 

No. 48. 6 , Agrian (Lestes) basdlis Say mss., 9 (Say's determ.). 
See No. 47. North Carolina, Prof. Hentz, and Cambridge, 1^t!dftlt 
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No. 77. 9fAgrion (Lestei) insipiens Say Mss. (Say's determ.). 
Milton, borders of ponds, July, 1826. 

All these specimens belong to Hetarina americana, and as Say 
gives the locality Massachusetts, it may be that the type is among 
them. At least in Say's description nothing is given to believe the 
contrary. Of No. 48 only the male from North Carolina is in the 
collection, and the Cambridge specimen is lost. The latter only was 
seen by Say, as he stated the specimen to be a female. 

AGRIONINA. 

42. Iiestes eurinus Say. Hag. Syn., 70, lO. 

No. 20. 6 , Agrion (JLestes) eurinus Say M88. (Say's determ.) . 
Borders of ponds, Milton, July, 1826. 

Say describes the species from Massachusetts from Dr. Harris* 
specimen; of course the specimen in the collection is a typical one. 
This is the only specimen of this interesting species I ever saw, 
either in Europe or America. The inferior processes are wanting in 
the specimen. 

43. Lestes reotangolaris Say. Hag. S}^., 66, 2. 

No. 10. ($, Lestes triangularis Say mss., 60 (Say's determ.). 
June 20, 1821, Milton, labelled u. A later addidon. New York, 
Mr. Calverley, 9. 

Say describes them from Indiana and Massachusetts. In the col- 
lection is a male from New York, not marked in the catalogue, but 
undoubtedly L, rectangularis, 

44. Lestes unguiculata Hag. Syn., 70, ii. 

No. 10. 9, New York, Mr. Calverley. See the previous species. 
No. 132. Var. 6 , New York, Mr. Calveriey. 
The specimens are not in very good condition, but, I believe, be- 
long here. 
46. Lestes hamata Hag. Selys' Synops., Lestes, 16, 7. 
L.forcipata Hag. Syn., 71, 13. 
No. 182. a, Cambridge, Aug. 1, 1838. 
No. 10. 9, Milton, June 20, 1821, labelled u. 

46. Argia putrida Hag. Syn., 96, 44. 
No. 11. Sf Afjr, hastata Say's determ. 

47. Agrion civile Hag. Syn., 88, 28. 

No. 17. 5 9, New York, Mr. Calverley ; No. 146, 9 , New York ; 
a pair from Massachusetts, in bad condition, hardly recognizable. 
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48. Agrion Bamburii Selys. Hag. Syn., 76, 5. 

No. 1 7. 6 9, New York, Mr. Calverley. 
• There are ten specimens of Agrion in the collection, eight num- 
bered 17, and two, 11 and 146, nearly all fragments, some of them 
difficult to determine surely. Apparently they do not agree with the 
determinations given in the catalogue, and are probably later addi- 
tions for the lost original specimens. No. 1 1 is marked ** Agrion 
(Lestes) hastata Say mss., stigma in tlie other sex distant from the 
edge of the anterior wings (Say's determ.), one specimen, Milton, 
meadows, June 20, 1821." This agrees very well with the male of 
AJiastatum (anomo/tim Rbr.), but the only specimen. No. 11, in the 
collection is a male of A. putrida. 

No. 1 7 in the catalogue is marked Agrion (JLestes) verticalis Say 
M88. (Say's determ.). See No. 41. The other specimens are; — 
Milton, low grounds, June 10, 1825, S and var. 9 ; also both 6 and 
var. 9, Nordi Carolina; 17 and var., Maine, R., 1886; New York, 
Mr. Calverley, 6 9 . Now there are just eight specimens numbered 1 7, 
but the two from North Carolina are Argia putrida ; from New York 
are five ftead of two, and none of them agreeing with the speci- 
mens from North Carolina, or with Say's description ; from Massa- 
chusetts there is a pair, but also not agreeing. 

The No. 41 of the catalogue, A. verticalis Say var. M88., 65 (Sajr's 
determ.), Milton, meadows, June 20, 1827, is marked lost by Dr. 
Harris. I do not know Say's Ag. verticalis, but apparently Say con- 
founded the sexes ; his male is the female ; his female is a male. 

No. 46 bis. **Agr.hastata t Say mss., if the other sex has the stigma 
in the upper wings detached frx>m the margin. " (Say's determ.) 
This is not in the collection. 

In the catalogue one hundred and four specimens are indicated in 
61 numbers; there are now one hundred and ten specimens remain- 
ing, belonging to 57 numbers (41,46 bb., 78, 1S9 lost) and to 48 spe- 
^cies. Of the 110 specimens 46 are fragments, and of the others 
some are in bad condition. Mr. Say describes 41 species, and among 
them 20 from Massachusetts, sent to him from Dr. Harris. Of all of 
them, typical specimens agreeing with Say^s description are in the 
collection, except Lestes rectangtdaris. Some of the types are appar- 
ently very rare species, and even now unique or nearly so. Besides 
this the types of the two species described by Dr. Harris are in the 
collection. 
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CORRODENTIA. 

L Termes flayipes Eollar. Hag. 8711., 8, l. 

No. 17. Termes domesticiu Harr. Cat. On fences and in the 
house, Milton, May 25, 1825. Male imigo winged. 

No. 57. Termes, Milton. Decayed wood and trees, October 1, 
1822. Full-grown worker. 

No. 61. Termes agrarius Harr. Cat. Cambridge, May 1, 1831. 
Under stones. 

Two winged females, two soldiers and two young workers. 

This species was fifty years ago introduced with plants into the im- 
perial hot-houses at Schocnbrunn, near Vienna. Ko attention was 
given until suddenly the hot-houses were found dangerously injured 
and the wooden flower-tubs tumbled in pieces. The hot-houses were 
rebuilt in iron, but the Termes still remains. This species was de- 
scribed by Eollar as T, flavipes; later by Haldeman as T, frontale. 
It seems to live every where in the United States east of the Rocky 
Mountains, from Cleveland, O., and Springfield, HI., to Florida and 
Matamoras, Mexico. So far as I know the species has only been 
twice observed here as an obnoxious one; in the first case, described 
by Mr.'S. H. Scudder, the grape vines in a hot-house near Salem, 
Mass., were destroyed by them. The second case was more serious; 
in Springfield, Bl., all the spare copies of the publications of the 
Legislature were stored up in a closed room in the State House, and 
remained unexamined several years, when one day all the copies 
were found destroyed in the most thorough manner by Termes flavir 
pes. One of these books is in my possession, a precious gift of the 
late Benjamin D. Walsh. I think the public should know that these 
insects at certain unforseen times can grow to be a formidable enemy 
to the country for years, and may damage property to the extent of 
millions of dollars. The very similar species in the southwest of 
Europe, Termes lucifuguSy known to live there long ago, became sud- 
denly, in the years 1830 to 1850, exceedingly destructive, and all 
kinds of remedies were tried with little success. Now, although 
found there, they do not do much damage. Five years ago our spe- 
cies was scarce around Cambridge, but in June, 1871, suddenly they 
appeared everywhere in such numbers that the newspapers men- 
tioned them several times. They are found everywhere in the Botan- 
ical Garden, in the old fences around the Observatory and near the 
Museum of Comparative Zoology. I also found them destroying the 
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posts near the sluice on the mUldam on Mystic Fond, near Win- 
chester, and in many other places.^ 

If the insect should invade the libraries of the Institutions just 
mentioned the damage and loss would surely be enormous, and it 
would seem desirable that their superintendents should know that 
such animals, living so near t)ieir treasures, may suddenly become a 
terrible pest. I may remark that Harris* note to No. 18, that he 
finds them at Milton, in his house, is the first statement of the Termes 
entering houses here. In the Botanical Garden I saw them in 
swarms, in June, 1871, on the steps leading to the herbarium housie, 
and near the Museum I discovered an old board twenty feet fix>m the 
building, covered with them in all stages, so that I was able to make 
fine specimens for exhibition. 

2. Fsocus venosus Burm. Hag. Syn., 40, 5. 

No. 16. Psocus gregarius Harr. Cat.; P, pkaleratus Harr. mss. 
Milton, Aug. 1, 1829. 

There is in the collection one specimen in bad condition, and also 
a specimen from New Hampshire. Harris' description is given in his 
Corresp., p. 829. He also gives as a locality Cambridge, Sept. 7, 
1887, and says they are gregarious and found on the trunks of trees, 
or on fences. This custom is common with many species of the ge- 
nus, but so far as I know always with only one sex. The species has 
a very wide distribution throughout the United States, irom Maine 
and northern Illinois southward even to Mexico and Cuba. 

8. Fsoous piirus Walsh. Froc. Acad. Philad., 1862, 861. 

No. 69. Piocus (described), Cambridge, Aug. 15, 1832, on side of 
house; on window in privy, Sept. 1 ; Oct. 20, 1836. Ps. lucidus Harr. 
Corr., p. 828. 

There are in the collection eight specimens belonging here; one 
labelled u, only a fragment; two males, one marked S on the label; 
one nympha with ? on a label. The others have no numbers; one is 
labelled, "(5, uumerous on fences," and two, 6 and 9, Sept 6, 1837; 
only fragments of wings remaining. The male has the number 129 
with a ? (see below). There is also a paper with eggs and the fore 
wing, labelled, " 9 laying eggs. Sept 6." 

The specimens, though in very bad condition, arc sufficient to 

1 A few days ago Hr. Clark, the well-known maker of astronomical instmmeutt 
in Cambridge, assured me that thli insect lives in hia workshop near the flimace, 
but ha« never enten>d his house. He has observed several years the process of rait- 
ing in the summer, and the biting off the wings by the imago. 



Digiti 



ized by Google 



1878.] 279 IHiigen. 

prove their agreement with the type of Mr. Walsh in my collection, 
and with his descriptions. Perhaps it is not superfluous to state that 
Psocus per plexus Walsh is different from this species. The speci- 
mens correspond! with Harris* description in the Corresp., p. 328, 
and the dates given are Sept. 20, 1836, and Sept. ft, 1837. Of the 
last Harris says, — '*0n fences, nidificating in cracks; young, and ac- 
tive pupss all feeding on the wood together. " 

There are two small pieces of wood in the collection with eggs, 
one on the |Hn of the female taken Sept. 6, 1837, and the other, to- 
gether with the fore wing of a 9 , labelled Sept 0, and the note by 
Dr. Harris, " 9 laying eggs. ** These egg cases are very extraordi- 
nary; they are placed in a small cluster about one-sixth in. long by 
one-half in. broad, of perhaps thirty, generally four in a row, close to- 
gether, like the cells of a honey-eomb, and are composed of a gray ex- 
cretion resembling very fine gray sand. Each case has the form of a 
somewhat compressed cylinder, the greatest diameter being one-sixtieth 
of an inch, the height being the same. The top of the cylinder has a 
little ledge inside to prevent the cover, which is united to the cylinder 
by a hinge, from falling in. Some of the cases contain a dark, metallic 
colored, iridescent shell, the others being empty. The whole ar- 
rangement is entirely different from any thing described or known to 
me in the case of European species of Psocus. It seems difficult to 
understand how the abdomen of the female can contain so many 
eggs, for these were apparently laid together; but the statement of so 
distinguished an observer as Dr. Harris, — '^female laying eggs," I 
think must be accepted until it is proved that he was in error. Re- 
lated species are known to lay a small number of eggs on leaves, 
which they cover with a kind of web; while Harris' eggs and cases 
appear to be hymenopterous or hemipterous, and, were it not for his 
statement, I should have believed that the Psocus was merely feed- 
ing on another's eggs. It is surprising that Harri» does not mention 
the eggs in his description of the species. (Correspondence, loc. 
cit.) . 

4. FflOCUS BtriatUB Walker. Hag. Syn., 11, 9. 

No. 129. Psocus frontalis Harr. MSS. Cambridge, on fence north 
of Mr. NewelVs garden, in the college grounds, Sept. 1 and 9, 1837. 

There are seven specimens in the collectioD, two 6 , four 9 , and a 
variety, of which only a few fragments remain. The species, fully de- 
scribed in Harris* Corresp., p. 330, is certainly siriatus Walker, but 
concerning the variety, which is not rare here, I have still some 
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doubts whetiher it bdongs really to the same Bpeciea, as stated hy 
Harris. 

6. FsoooB sparsus Hag. Syn,, 8, 1. 

Ko< 60. Psocus infusealus — nubilus, lost ?, with the remark of 
Mr. Say, — "I have not studied this genus." June 1, 1830. On 
fence, Cambridge, Aug. 1, 1837, and in college yard, on fence, S 9 
Sept. 8, 1837. 

There are six specimens, mostly fragments, that labelled u, only 
legs, the females only wings. The specimen marked Aug. 1, 1837, 
has on the label " described the same day." 

The types in my collection from Washington and Maine, all fe- 
males, have darker colored wings, but I possess females colored like 
Harris' specimen, also from Maine and from Gorham, N. H. As 
Harris' specimens are in bad condition, and my material is not suffi- 
cient, I can only state now that his species is very near Psocus spar- 
sus, and probably identical. The description in Corresp., p. 332ff 
does not decide the question. 

6. Psocus lugens Hag. Syn., d, 2. 

No. 130. NubiluSf infusealus (later both words erased). 6 and 9 
on fence of my house (Cambridge), swarming Aug. 1, 1837; also in 
Newell^ii garden, in college grounds, on fence, Sept. 9, 1837. 

In this collection is a female fragment, and another fragment with 
same number and Psoc, punctipennis on the label. There is no doubt 
about the identity with my species from Washington. 

7. Elipsocus signatus Hag. Syn., 9, 3. 
No. 123. Cambridge, June 21, 1835. 

This species is described in Harris' Corresp., p. 332, as Ps, graci- 
lis. He adds justly, — ** it may perhaps hereafler be proper to sepa- 
rate this from the other species under a new generic name; I have 
only seen two specimens.'' Of both these, fragments with wings are 
stilt in the collection, proving the identity wiUi my specimen from 
New York. 

8. Psocus qoadrifasciatos Hanr. Corresp., p. 331. 

No. 128. Psocus quadri/ascicUus Harr. MSS. Cambridge, on fence 
north of Mr. Newell's garden, in college grounds, Sept. 9, 1837, in 
great numbers. 

A paper having contained ten specimens is present, but with only 
flmall fragment! of wings. This species seems very similar to my 
Psocus madidus, Syn., 12, 12, from New York, described from a 
flpecimea in bad condition. Perhaps it is the same. 
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e. Fsooiia poaillas Harris* Corresp., p. 881. 

There is oo such species in the collection nor in the catalogue. 

Harris' Catalogue includes fifteen nmnbers for the Corrodcntia 
(represented by thirty-nine specimens), only one, No. 70, wanting, 
but most of the others are only fragments. The Psocus described by 
him and published in his Correspondence are all to be identified by 
the types, except Psocus quadrifasciattLS and the missing Psocus pu- 
sillus. 

PERLINA. 

1. Fteronarcys Proteus Newm. Entom. Mag., vol. ▼., 177, 
8. (Not Hagen.) 

No. 118. Perla generosa Harr. (Pieronarcys Newm.). Maine, Ran- 
dall, 1886. 

There are in the collection two specimens, one, a half destroyed 
nude with the end of the abdomen just in condition to prove the 
identity with Mr. Newman's type in the British Museum, the other 
only parts of the wings. 

The species of the genus Fteronarcys, all but one belonging to the 
North American fauna, are somewhat difficult to recognize. As the 
authors describing them, viz., D. Newman, Burmeister, Pictet, 
Walker, Newport, and Crosse, had, in every case, but few specimens 
before them, and as the real specific characters are only given for a 
few species, and often for but one sex, it is easily understood that they 
cannot be rightly determined by succeeding students. When I made 
the synopsis of the North American species, I had before me types 
of Walker's species, given to me by the British Museum. But as 
some of them, as I found in a later visit to London, do not belong to 
Mr. Newman's species, as I supposed before, I was misled, and made 
some errors in the diagnosis of the species. Now the material before 
me is more extensive, at least for some species, and it will perhaps 
be convenient to give here a short notice of the species belonging to 
this interesting genus, especially as just the species represented in 
the Harris collection has been the starting point of most of the con- 
fusion. 

Pteronabgys Newm. 

I. Fteronarcys Proteus Newm., 1. c. 
The British Museum possesses the types described by Mr. New- 
man. There are two males (agreeing in the formation of the last 
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ventral segments with Harris' specimen), and a female, all from 
Trenton Falls, N. Y., collected by Mr. Doubleday. The other speci- 
mens placed with them by Mr. Walker, andquoted in his catalogues, 
are, one male of PL nobUis^ from Trenton Falls, a male from N. York, 
and one from the Mackenzie River, both not belonging to Pt, Protem, 
I am indebted to Mr. K. M'Lachlan for a new examination of the 
types, also for many other details given in this notice. The male 
specimen given to me in 1867, was believed to be one of Mr. New- 
man's types of PL Proteus^ but belongs to PL regalis. I possessed 
at the time a female from the Bed River of the North agreeing well 
with the male, and described both in the Syn. 14, 1, as the true PL 
Protetts, The male is the smallest specimen of PL regalis I have 
ever seen, and as it was not spread, and was in very bad condition, 
I did not recognize the fact that it is undoubtedly the same species 
as the type of PL regalis I also received from the British Museum. 

As I have now before me only fragments, and as PL Proteus does 
not exist in any American collection seen by me, I can only give a 
short notice. The two males in the British Museum measure, length 
34 mm., expanse of wings 56 mm. The 9 type is 52 mm. long, and 
the expanse of wings is 70 mm. Another male in Prof. Westwood's 
collection in Oxford, also typical, is smaller, the wings expanding 
only 52 mm. Harris' specimen is of the same size as the types in 
the British Museum. The diagnosis can only be imperfect, as the 
greater part of the abdomen, and other important parts, are wanting 
in the specimen before me. '' 

Male dark fuscous above and below ; head with a transverse fur- 
row before the anterior ocellus, spots outside of the posterior ocelli 
yellow ; basal border of the antennsB behind extended in a broad, 
short tooth ; prothorax a little broader behind ; anterior and lateral 
borders straight, with right, but not sharpened, angles ; hind border a 
little arcuated, die yellow median line narrow; legs and 8eta< dark 
brown, Uie setae a little paler at the base ; wings smoky, veins dark 
with smoky clouds ; abdomen wiUi the ninUi ventral segment with 
the disk sparsely punctured on each side with a hollowed scar ; the 
tenth bifid, spoon-shaped, brown ; penis ? wanting ; the last dorsal 
segment seems to have a rounded, somewhat hairy middle spot, but 
the abdomen has been nearly destroyed. 

1 have no doubt that the specimen truly belongs to PL Proteus, 
although the knees are not yellow, as Mr.- Newman says. The dia- 
grams made by myself frt)m the types in London, shown to be right 
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by Mr. M'Lachlan's examination, agree well with the Harris speci- 
men. 

Female. The vulvar scale is small, entire and triangular, differing 
in this respect from all the other species. The two conical append- 
a<;es described in my synopsis, belong to Pt, regalis. The Pt, Proteus 
of Pictet is a different species,, and may be PL Pictetii Hag. I can 
not decide now whether Mr. Grosse's species described in the Cana- 
dian Naturalisty p. 232, belongs here. 

Nympha, S , full-grown. Length 80 mm. (without setae). 

Antennse blackish, middle third yellowish, and the apex also lighter 
colored ; basal border of the antennsB produced into a conical lobe^ 
viewed from above nearly equilateral triangular; prothorax half 
longer than broad, the anterior angles produced laterally into hol- 
lowed lobes, anteriorly, and at tip, somewhat rounded ; sides very 
slightly arcuated, a little wider behind, hind angles without conspic- 
uous lobes, slightly produced behind, as the hind border of the pro- 
thorax is slightly notched each side, and straight in the middle ; lobes 
of the thorax large; in the mesothorax, the hind border of the lobes, 
oblique ; segments 1 to 8 on each side, with a strong triangular api- 
cal hook, bent towards the tip of the abdomen, last segment pointed 
sharply, the point straight; set® stout, short (10 mm.), dark, the 
^apical half yellowish, but the tip again darker, blackish. The color 
of the body and legs is brownish gray, the claws yellowish, black at 
tip; palpi short, darker at tip; antepenultimate ventral segment with 
a short incision on the middle of the apical border. 

Communicated by Dr. A. S. Packard, labelled " probably Siskiyou 
Co., CaL, J. Hallman." Another S nympha from Vermont, C. J. 
Allen also from Dr. A. S. Packard, 26 mm. long, is in color, shape 
and details, almost identical. The only differences apparently arise 
from its not being full-grown, and are not important. The anterior 
angles of the prothorax are not so produced ; straighter anteriorly, 
the sides straighter ; the hooks on the segments shorter, and not so 
much bent backwards. 

n. Ffceronarcys califomica. Newport, Hag. Syn., 16, 5. 

Dark fuscous above, the forepart of the head rufous ; abdomen 
and body beneath pale orange ; antennae and legs dark fuscous ; setae 
pale at the base ; wings obscurely hyaline ; veins blackish ; maxillary 
palpus nearly as long as the head ; antennae inside at the base, with a 
small plate, ending behind in a sharp tooth; prothorax a little 
broader than the head, and a little broader behind than before, an- 
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terior border and sides nearly straight ; hind border arcuated ; the. 
narrow, yellow middle line broader at the ends. 

Male. The ninth ventral segment straight at the tip, not covering 
the tenth, on each side a scar before the tip ; middle part homy, 
transversally striated ; the tenth dorsal segment with two transverse 
knobs ; penis long, the base bifid above, with a rectangular hook be- 
neath, and a membranous lobe before the tip and above it. 

Female. The eighth ventral segment convex, produced at the 
tip into two conical processes, straight inside, oblique outside, reach- 
ing half way over the ninth segment, separated by a rounded notch. 

Length, inclusive of the wings, 85-45 mm. Exp. of the wings 
65-85 mm. I have seen 12 specimens, 10 ^ and 2 ?, from Ogden, 
Utah, caught in June, and firom a river tributary to the Great Salt 
Lake, all preserved in alcohol, also a female from Lake Winnipeg, 
collected by R. Kennicot. 

I have some nymphsB from the Ogden River, Utah, probably be- 
longing to this species; taken Sept 15th. Length 31 mm.; brown, 
tibiae yellowish, with darker knees; antennsB inside of the base, with 
a small plate, ending behind in a strong tooth ; prothorax a little 
broader behind, the four angles each produced into a sharp tootb ; , 
hind border of the mesothorax and metathorax nearly in a straight 
line with the wing covers. Last dorsal segment produced in a long, 
straight, conical process. (Male.) 

Another nympha from Washington Territory, between Bock and 
Cascade Mountains, is nearly 40 mm. long, and seems to be nearly 
full-grown. The wing covers of the mesothorax are more curved be- 
hind; the last dorsal segment has a similar, but shorter, process, bent 
up a little ; the eighth ventral segment shows the beginning of the 
vulvar lobes ; the tibiss are darker. (Female.) 

I sent a pair to Mr. M'Lachlan, and ho writes that the type in the 
British Museum resembles those from Ogden in its wings, but be- 
long to P. cali/omica. Some specimens from Califomia in his collec- 
tion, also belonging to the same species, have the wings very smoky 
and almost opaque. 

Afier a new examination of the description of Pt, biloba Newm., 
from Trenton Falls, N. Y., and the diagrams of the type made by me 
in London, after the type, I believed this species to be identical with 
Pt, ccUi/omica ; at least I could not find any specific difierences. 
The bifid vulvar lobes agree well with my diagram, but of course 
not exactly alike, as the Ogden specimens are preserved in alcohc^ 
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and the type is diy ; but I observed that those parts are somewhat 
changed in shape by dryinof, in a female of'Pt, cali/omica fix)m Mr. 
M'Lachlan's collection sent over for examination. Nevertheless, as Mr. 
M'Lachlan insists tYka.tPt,bUobaia a different species, we must wait for 
a more detailed description. I have never seen in any collection, 
here or abroad, any specimen, except the type of the former from 
Trenton Falls, of P, hUoba or P. califomicOj from the United States 
east of Utah. 

III. Fteronarcys nobilis Hag. Syn., 15, 4. 

Dark fuscous above ; the spots outside the posterior ocelli black, 
shining ; basal border of the antennsB very narrow, a little broader 
in the middle; prothorax a little broader than the head, sides 
straight, front and hind border a little arcuated ; the angles sharp- 
ened ; the yellow median line broader at the ends ; antennas and legs 
dark brown, knees yellowish; body below orange in the middle; 
setas dark, a little paler at the base ; wings smoky, veins dark, 
with clouds. 

Male. The ninth ventral segment black, shining, inflated and 
elongated toward the setss, the tip notched; last dorsal segment 
with two black, horizontally placed appendages, somewhat thicker at 
the rounded tip ; penis as in P. regcUis, but I cannot see it frx>m 
above. 

Female. The eighth ventral segment straight at tip, perhaps a 
very little produced in the middle third ; there are no appendages 
(as I described with a? in my Synopsis), but the parts are not in 
good condition. 

Length, with the wings, 31 - 84 mm. ; expanse of wings 55 - 66 
mm. I possess a pair frt)m New York, formerly in Winthem's col- 
lection, and I examined a male from Trenton Falls, N. Y., in the 
British Museum. 

A male frt)m Enoxville, Tenn., in my collection, belongs, perhaps, 
to a different species ; but having seen only this one specimen, its 
abdomen also not in good condition, I should not like to decide this 
question. It differs in being of much darker color, especially the 
wings, which are smoky black, except the apical third of the hind 
wings, which is dark gray. The orange patch on the under side of 
the abdomen is much smaller, and is only indicated on the thorax ; 
the knees are dark ; the prothorax is smaller in front, the sides more 
oblique, the hind border more arcuated, the angles more sharpened. 
The anal parts seem to be similar, so far as can be observed. The 
size is larger. Expansion of the wings 66 mm. 
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rv. Fteronarcys Fictetii Hagen. 

P. Proteus Pictet, Perl., 128, 1, pi. xxix, f. 1 - 6. 

Male in bad condition, having been before in alcohoL 

Dark fuscous, spots outside the posterior ocelli dark brown, basal 
border of the antenn© narrow, with an obtuse process in the middle ; 
prothorax as broad as the head, sides straight, hind border a little 
arcuated, angles sharp ; yellow median line faintly marked ; legs 
pale brownish ; abdomen dark fuscous, above, in the middle, and be- 
low orange ; wings somewhat clouded around the veins, but their 
color is altered by alcohol ; set® brown, paler at the base ; the ninth 
ventral segment similar to that in P. nohilis, covering the tenth seg- 
ment, but smaller and pale brown ; the upper appendages with the 
tip bent upward ; penis as in P. nobUis. 

Female. Similar to the male; wings dirty hyaline, a little smoky 
around some veins, with a small brown pterostigma ; the eighth ven- 
tral segment produced in the middle, with a quadrangular notch at 
the tip, forming two triangular teeth. 

Length, with the wings, 45-48 mm; expanse of wings 80-84 
mm. The female is from Pennsylvania, the male was labelled 
Meadville, in the north of Pennsylvania, but this locality is not cer- 
tain, as some of the lot, to which the insect belonged, proved later 
to be from Texas. I am indebted for the male to Mr. B. P. Mann. 

The female was described in my Synopsis as PL regalis and the 
locality given, Philadelphia, belongs only to the specimen. I believe 
to this species belongs a female in alcohol from Minnesota, mentioned 
in my Synopsis as probably Pt, hiloba. The vulvar notch is narrower, 
and its angle not so sharp. 

I believe this species is Pictet' s Pt, Proteus ; the locality and the 
size are just the same, and his figure of the male appendages seems 
to agree very well, when viewed from above. I have not seen his 
type, but the darker apical part of the wings would apply belter to 
the Tennessee specimen, which is the only Pteronarcys I have seen 
with the apical part of the hind wings so much darker. 

V. Feteronaeys regalis Newman. Entom. Mag., vol. v., 176, 1. 

Dark fuscous, with a grayish tinge above ; spots outside the poste- 
rior ocelli pale brown ; basal border of the antemas broadest in the 
middle, making a blunt rounded angle ; prothorax broader than the 
head ; sides straight, hind border arcuated, angles sharply produced ; 
yellow median line broader at the ends ; antennae and legs dark brown ; 
eetiB brown, paler at the base ; wings grayish hyaline, veins blackish, 
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more or less darkly clouded, principally in the forewings around the 
pterostigma and the basal border ; abdomen brown, beneath, in the 
middle more or less yellowish or orange. 

Male. The ninth ventral segment inflated, pjile brown, shining, 
covering the tenth, notched at the tip deeply ; upper appendages 
horizontal, short, triangular, somewhat depressed before the rounded 
tip ; penis as in Pt. nobUis. 

Female. The eighth ventral segment cut straight at tip, some- 
times with a fine median longitudinal furrow or impressed line ; two 
small triangular processes, widely distant from each other at the tip 
of the segment, which are yellowish or dark, and membranous ; last 
dorsal segment with a round darker spot near the base. 

Length, with the wings, 40-60 mm.; exp. of the wings 75 to 
106 mm. I have before me seventeen specimens from the Saskat- 
shawan River ; both sexes from the Red River of the North by R 
Eennicott ; from Ware, Hampshire county, Mass., both sexes, among 
them the largest female seen (length 60 mm., expanse 106 mm.) ; 
from Maine a male ; from Michipiooten Isl., Lake Superior, a female 
collected by Mr. Bamston, together with a nympha ; a nympha skin 
from Massachusetts ; a male, the type, from Martin's Falls, Hudson's 
Bay ; and the male, spoken of under Pt. Proteus, from New York, 
both from the British Museum; I also examined a number of other 
specimens in the British Museum. Of the eight specimens men- 
tioned by Walker, five are females, the others males, one given to 
me. 

The nympha is forty mm. long ; grayish brown ; spots outside of 
the posterior ocelli, and the basal border of the antennae as in the 
imago ; the angles of the prothorax more produced ; setse yellowish ; 
last dorsal segment prolonged into a sharp point ; the eighth ventral 
segment with a small incision in the middle of the apical border, an 
indication of the female organs. A smaller nympha from the Sand- 
hill River, Minnesota, length 25 mm., has the tip of the last segment 
slightly bent upward. 

There is no doubt that this species is really P. regall% Newm., 
as I was able to compare my specimens with the types nn the British 
Museum, besides they agree well with the description. Farther I have 
no doubt that KcUaria insignis Pictet, Hag. Syn., 16, 6, is the same 
species. I have not seen his type (in the Vienna Museum), but the fig- 
ure and the description agree in every respect. The maxillsB and their 
palpi are somewhat longer in this species than in the others, but are, 
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I believe, not so different as to justify the formation of a new genas. 
If such a separation should be made, the different form of the genital 
parts of the male. and female would give, perhaps, more suitable char- 
acters. I may add, that Mr. R. M'Lachlan had the same opinion con- 
cerning the identity of K, insignis and Pt, regcdis. 

VI. Feteronarcys reticulata Burm. 

This species is the only one now known which does not belong to 
the American fauna ; it is found in eastern Siberia, Barnaul, Nerts- 
chinsk, Irkutzk, and according to Burmeister also in Hungari& 
Mr. M'Lachlan has lately given, Ann. Soc. Ent. Belgique, YoL XT. 
p. 51, a full description and figures of the sexual organs. Hie 
species, by the shape of the genital parts of the male, is related to 
P. regaJiSy by those of the female, to P. califomica. 

The following species of the Perlina contained in the collection 
are so much injured, that a determination is nearly impossible. Of 
most of them only wings remain, often only parts even of them, and 
all the important parts for determination are wanting. Some of 
them are undescribed species, and are new to me ; but I should be 
nnwilling to describe new species from such fragments. 

2. Ferla abnormis Newm. Hag. Syn., 17, l. 

No. 24. Perla immargincUa Say. ? Milton, Aug. 1821 ; June 
15, 1828 ; Randall, Maine ; pupa ? 

There are, besides the nympha skin, four specimens, and one surely 
does not belong here. One specimen (9) has only wings preserved, 
the others have fragments of the body; but it seems probable that 
all three belong to P. abnormia. The description of P. immarginatz 
does not agree with the specimens, but Say's species is stiU unknown 
tome. 

The nympha skin seems too small for this species, and differs from 
the skins in my collection. Another nympha skin, Conway, New 
Hampshire, Aug. 10, 1850, belongs perhaps to this species. 

8. Ferla isogona Say. mss. (Say's determ.). 

No. 66. Sutton, Mass. Dr. Smith. 

Only win^ of a large species (forewing 25 mm. long) related to 
P. Igcorias of my Synopsis. I know no other specimen. 

4. Ferla spec. nov. 

No. 67. Sutton, Mass. Dr. Smith. 

A female, thorax and head wanting. The wings have a faint yel- 
low tinge, the median vein and its branches dark brown ; legs yellow, 
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femur and tibia outside and inside brown ; setss stout, black ; abdo- 
men brown, apical border of the segments yellow; the apex beneath 
brighter yellow, the antepennltimate yentral segment prolonged 
in the middle into a lobe, reaching nearly the tip of the fol- 
bwing segment; the lobe beneath with a somewhat deeply im- 
pressed median fbrrow; forewing twenty mm. in length. I know no 
other specimen. This species is Tery near to P.flavescenn Walsh, but 
a little larger, uid the lobe in P.Jlavescens female is described as semi- 
circular, and to cover one half of the next segment. I have only one 
female of P.flavescens before me, agreeing with Walsh's description. 
The specimen in Harris' collection is nearly related to P.flaotscens, 

5. Ferla ftilvovittata Say. mss. (Say's detenu.). 

No. 62. Pennsylyania, Mr. Nuttall ; another specimen from Maine, 
1881, Randall, is wanting. Only fragments of two wings are pre- 
served. The species is related to P. varians Walsh', perhaps identi- 
caL 

6. Ferla semiflBtsoiata ? Say S uncertain. (Say's detenu.) 
No. 30. Milton, palings, Aug. 1, 1821. 

Only fragments of the wings belonging to a smaller species of Perla ; 
perhaps the specimen stated as different and numbered 24, belongs 
here. 

7. Chloroperla bnumeipexmis ? Walshi 
No. 80. ? North Carolina, June. 

There are fragments of a female belonging, perhaps, to this spe- 
cies. 

8. Ferla vitticoUis Harris. 
No. 119. Maine, Randall, 1886. 

A fragment of male and a female ; the species is related to P. 
cUcipiens, Walsh. 

9. Chloroperla bilineata Say. 

No. 120. Sialh bilineata Say, Maine^ 1896, Randall. 

Only fragments of wings ; perhaps belonging to Say's species. 

10. Isoptersrz Cydippe Newm. Hag. Syn., 80, 1. 

No. 120. One specimen from Maine, Randall, 1886 ; another from 
New Hampshire, Leonard, in bad condition, probably belong to this 
species. 

There is a later addition with a red label. No. 118, not marked in 
the catalogue, a small immature species of Perla. 

11. Taenioptersrz maura Pict Hag. Syn., 85, 4. 

No. 81. Nemoura eonvoluta Say mss., (Say's detenu.) Taeniop' 
pBocsBDnrae b. s. v. B.~yoL. xr. 19 afbil, 1878. 
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teryx maura Pict. (Harris determ.) Mlton, palings, in the day time, 
May, 1821 ; March 15, 1822; Cambridge, March 1, 1835; April 9, 
1835 ; March 30, 1855; Maine, Bandall ; Alabama, Feb^ Hentz. 

There are three fragments in the collection, one from Maine, the 
others probably Cambridge. One specimen has thorax and head ; 
probably all belong to T. maura, 

12. Nemoura perfects P Walker. 

No. 23. Nemoiara deinlipennis Say mss., (Say's determ.). Dublin, 
N. H. Mr. Leonard. 

This specimen is marked lost by Harris, bat another from Maine, 
Bandall, 1836, is added with the remark: ''I refer this species to 
this number doubtfidly." A small Nemoura, in tolerable condition, 
perhaps Walker's species. 

Harris' catalogue includes for Perlina ten numbers, belonging to 
twelve species, none of them to be considered as types of a described 
species. The twenty-three specimens are only fragments. 

EPHEMERINA. 

1. Ephemera decora Walk. Hag. Syn., 28, i. 
No. 82. Ephemera (Baetis) maculipennis Harr. $ imago. 

No. 84. Ephemera mactUata Harr. 6 subimago ; both from Maine. 
Randall, 1836. 

2. Ephemera natata Walk. Hag. Syn., 39, 4. 
No. 82. Eph. maculip^nis Harr. 6 subimago. 

No. 83. Eph. (Baetis) macukUus Harr. 9 subimago ; botJi from 
Maine, Bandall, 1846. 

The two species are united in the monograph by Mr. Eaton, with 
E, simtUans Walk, and E. gtUttdata Pict. Not having now the oppor- 
tunity to examine again the types, I can say nothing, besides my 
notes made in the British Museum. The types of Eph. Hebes were 
wanting even in 1857 in the collection. The type of E. decora, 
a male, I believed .to be identical with my E. decora from New 
Haven, Conn., but it measured twenty-eight mm. in the expansion 
of the wings, and my type only twenty-six mm. The type of E. sim' 
Hans is a male subimago, (as I presumed in my visit in London, 1861, 
and not a female as I stated in my Synopsis). The type of Pal. 
notata, a female subimago, I believed identical with my specimen from 
Chicago. Neither Mr. Eaton nor I examined Pictet's ^rpe, a frag- 
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moiit without abdomen, locality unknown. If, as Mr. Eaton stated, 
E. decora, similans and nqtcUa are the game species, and I confess 
to have doubts still about E. decora, he has apparently not seen the 
species described by Walsh an4 myself as E. decora. I may add, 
that I possess a third North American species from New York very 
similar to E* Danica Miiller. 

8. Hezagenia limbata Gu^r. Hag. Syn., 14, 5. 

No. 87. Ephemera (Baetiaf) cosUdis Harr., Randall, Maine, 1886. 

Male imago and the nympha skin. . Harris refers here his No. 
62, probably erroneously for No. 68, because No, 62 is his Perla 
ftdvomUata, Of his No. 68, Ephemera (Baetis) irregularis Say mss., 
(Say's determ.), from Dublin, N. H., Mr. Leonard, almost nothing is 
left on the pin, except a part of the mesotherax, sinular to H, limbata. 

No. 82. u. Ephemera (Baetvi) fuscicostata Say mbb. (Say's determ.), 
Milton, 1821. Part of the thorax and the basal border of the ante- 
rior wing, agreeing with H, limbata. 

No. 87. u. Ephem. (Baetis) confusa SayV mss. (Say's determ.), Mil- 
ton. Marked lost by Harris ; a fragment only on the pin ; perhaps 
the same species. 

4. Hes^genia spec. 

No. Z^. Ephemera (Baetis) Eurinus Say mss. (Say's determ.) 
Milton, June 15, 1821, u, female. 

Perhaps this is a female of Hexagenia bilineata Hag. iSyn., 41,4, but 
I have ncTcr seen a similar one ; Uie wings are more yellowish, the 
femora of the forelegs have a black spot outside at the tip. Long. 
20 mm. ; exp. of the wings 52 mm. 

6. Baetis spec. 

No. 84. Ephemera (Baetis) ammosnicauda Say mss. (Say's determ.). 
Milton, June, 1871 ; a female, abdomen and hind legs wanting. 

I know no specimen except this fragment ; expanse of the wings 84 
mm. ; Baetis femorata Walsh, has a similar coloration of the wings, 
but is surely different by the reticulation, as in B. ammosnicauda the 
costal space of the forewings has a single row of quadrangular cells. 
The reticulation of the hind wings agrees with Siphlurus Eaton. 

6. Baetis spec. 

No. 83. Alabama, Febr., Hentz. 

The only specimen, a male subimago, was placed as Tar. ? of B. 
reticulata (E, decora.) The species I cannot determine from the 
imperfect specimen. 
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7. Baetis spec. 

No. 65. Ephem, (Baetis) luteipennis Say MSB. (Say's determ.). 
Sutton, Mass. Dr. Smith, marked lost hy Harris. 
A fragment of a female belonging to a small species on tbe pin. 

8. Fotamanthus nebulosus Walk. Hag. Syn., 52, 3. 

No. 86. Ephemera (Baetis) termnaHs Harr. Maine, Kandall, 1836. 

Na 35. Ephemera (proper) bispinosa Say mss. (Say's determ.). 
Milton, June, 1821 ; April 15, 1825; Maine, KandaU, 18S6. 

A male subimago from Milton. This species is synonymous with P. 
odonatUs Walsh, and I should have beUeved it to be Eph* cupida 
Say, if Say himself had net otherwise determined the species. 

9. Ephemerella spec. ? - 
No. S5. Maine. 

A male subimago in tolerable condition, belonging to a small spe- 
cies ; perhaps it is the subimago of E, excrucians Walsh. 

10. Heptagenia maculipennis Walsh. 

No. 85. Ephemera tenella, Maine, Randall, 1836. 
A male imago, probably belonging to this species. 

11. Cloe undata Pict. Hag. Syn., 53, 2. 

No. 64. Ephem, (Cloeon f) B, deripticostata Say M88. C'^^T'' 
determ.). Dublin, N. Hampshire, Mr. Leonard; Cambridge, Jiily» 
1835. 

Two female imagines. C.fluctuans Walsh, is the same species, and 
his C./errugineaia perhaps the male. 

12. Cloe spec. ? 

No. 40. Baetis leuconeura Say mss. (Say's determ.). Milton, Majr 
1, 1826. 

Hiere is a fragmentary subimago with the basal part of the wings 
strongly colored in the costal space and beneath. It seems rather 
too large for the unknown subimago of the foregoing species. Hiere 
is also the nympha of a Baetis in the collection. 

There are in Harris' Catalogue sixteen numbers belonging to this 
family, referring to ten, perhaps twelve species, now represented by 
twenty-two specimens. Most of them are fiugments, of five nearly 
nothing but a little bit of the thorax remain. There are no specimens 
of typical value among them. The Ephemerina, always a most 
difficult family for preservation, is nearly the worst preserved group 
in Harris' collection. 
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PHRrGANINA. 

1. Fhryganea cinerea Walk. Hag. Syn., 252, i. 

No. 95. Phryganea humeralis Harris. (" uncertain," note by; Mr. 
Say) . Dr. Pickering, Salem ; and Maine, Randall, 18S6. 

There are two specimens, of course that marked u was the first, 
and perhaps Dr. Harris' name refers to this specimen (see below 
Phr, interruptd). The specimen firom Maine, only wings, is a male of 
Phr, cinerea* 

2. Fhryganea intermpta Say. 
Limnophilus trUerruptus Hag. Syn., 256, 7. 

Ko. 95, the specimen from Salem, Pickering; a male, only wings 
and some fragments of legs. I had not before seen this species, but 
two females in the Cambridge collection agreeing with Mr. Say's 
description and figure, show that his species belongs to the genus 
Phryganea. I have seen no male, but I believe the fragment in the 
Harris collection, from the neuration of the wings, and the largely 
dark colored hind-wings, belongs here. 

8. Fhryganea vestita Walk. Hag. Syn., 263, 2. 

No. 122. Cambridge, June 15, 1834, New York, Mr Calverley. 

Four specimens in bad condition, two 3, and two 9. Pk, com- 
mixta Walk., is the male of this species. 

4. Fhryganea improba. Hag. 

No. 183. Phryganea. Catskill Mts. N. York, June 15, 1843, Mr. 
H. Gray.' 

A female, only fragments, but agreeing with the specimens in my 
collection. Perhaps it is a more northern species; my specimens are 
all firom the Saskatshawan River and Hudson's Bay, by R Eenni- 
cott. 

6. Neuronia pardalis Walk. Hag. Syn., 2502, Harris Cor- 
resp,, p. 333* 

No. 125. Phryganea. N. Hampshire, Mr. Leonard. 

3 9 in bad condition. This beautiful species is rare ; at least I 
have only seen the iypes in the British Museum, a pair in Mr. 
Atwood's, and the psur in Harris' collections, and a female firom the 
White Mts., N. H., in the Cambridge collection. The genital parts in 
Harris' specimens are fortunately well preserved. 

6. Neuronia dossuaria Say. 

Limnophilus dossuarius Hag. Syn., 255, 6. 

No. 102. Phryganea pluri/aria Say Mss. (Say's determ.). Dublin, 
N. H., Mr. Leonard. 
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In the catalogue, the namber 102 is xxiarked u, bat in the col- 
lection none of the three specimens has the u on the label, as 
is usual in the collection of Dr. Harris. Perhaps this specimen 
was lost The three specimens preserved are only wings, labelled 
6 6 9. I believe, from Say's description, that this is his PJ^ . ddssuaria, 
a species neyer seen before by me, and related to, but different from, 
N, conccUencUa Walker. I possess some specimens from Massachu- 
setts, with the wings even less spotted than the N. H. specimens. 
Say's specimen was also from Massachusetts. If the specimens 
in Dr. Hands' collection do not form a third species, and I belieye not* 
although it is not possible to decide certainly by fragments, Say must 
have mistaken his own species. 

7. Neuronia stygipes Say. 

No. 108. Phryg, stygipes Say mbs. (Say's determ.). Dublin, N. H., 
Mr. Leonard. 

This is a new and interesting species, resembling in coloration N, 
datkrata of Europe. I possess specimens from Maine and New Eng- 
land. Perhaps N. ocelUgera Walk, is a synotiym. • , 

8. Neuronia ocellifera Walk. Hag. Syn., 252, 7. 

No. 88. Phryg. semifasciaia t Say, Milton, June 1, 18^6 ; May 15-30, 
1827. A male agreeing with my specimen. 

9. Neuronia postica Walk. Hag. Syn., 257, 6. 

No. 88. Same locality as before, a male i|i tolerable condition, and 
four other specimens mostly but wings and legs. 

10. Neuronia semiflMciata Say. Hag. Syn., 250, 5. 

No. 89. Phryg. semifasdata var. Say (Say's determ.). Milton, Jane 
5, 1823; May 15, 1827. 6 9 only wings. 

The three last mentioned species are surely different, but a new 
study of them with a good fresh material, is necessary. 

11. Limnophilua argenteomatus Say. 

No. 92. Phryganea argenteomata Say mbs. (Say's determ.). May 
15, 1825. Sutton, Mass., Dr. Smith. 

There are two specimens, a female labelled N. H., and a fr^tgment 
To the latter different legs are glued on the same label (with 1, 3 and 8 
spurs), though the other identical in wings has the normal number 1, 
3 and 4, spurs. Perhaps the legs belong to the specimens of Hallesus, 
placed in the collection just before No. 92. The species, which I 
possess from N. England, is a Limnophilus, related to L, elegans Cur- 
tis. If Mr. M'Lachlan had not stated that the type of L. indicant 
has 1, 3 and 3 spurs, I should believe it to be this species. 
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12. LimnopMluB subgattatos Walk. Hag. Syti., 261, 2S. 
No. 93. Pkryg. intaminata Say MBS. (Sa/s detemi.). May 15, 

1827; New York, Mr. Calverley. 

A female without abdomen. I believe the species identical with 
L, indivhfus Walk., and very nearly related to G.ftdous Rbr. 

13. Limnophilus pudicus Hag. Syn., 262, 26. 

No. 97. Phryg. elongatulus Say Mss. (Say's determ.). Cambridge, 
May 25, 1849. 

No. 98. Phryg, sericea S&y var. (Say's determ.). May 1, 1826 ; 
May 25-30, 1827 ; New York. Mr. Calverley. 

There are of No. 97 four fragments, mostly wings, one labelled 
N. H. Of No. 98 only a S from N. H. Say believes the last one to 
be a variety of his Ph, sericea, a still unknown species. At least, 
P. sericea must be very nearly related. Harris added to No. 98, 
" probably Phr. dossuaria, Say," apparently an error. The speci- 
mens No. 100, u, Phrgg* didocaJta Say mss. (Say's determ.), from 
Dublin, N. H., Mr. Leonard; and No. 105, u Phryg, dehUipes Say 
MSS. (Say's determ.), same locality; are marked lost by Dr. Harris. 

A specimen without any label, apparently a late addition, is a male 
of a small species related to G, pudiciuf, perhaps new. 

14. Limnophilus plaga Walk. Hag. Syn., 263, 28. 

Of No. 97? are fragments of the wings (one hind wing not be- 
longing to this species) fr^m N. H. The identification is not entirely 
sure, but very probable. 

16. Hallesus hostis Hag. Syn., 266, 3. 

No. 91. Phryg, subfascicUa'i Say. P, radiaia Say (Say's determ.), 
and a note in pencil, "probably S. interrupta Say." June 1, 1829 ; 
Cambridge, June 14, 1849 ; July, 1849 ; one later addition, N. Con- 
way, N. H., Aug. 10, 1853. 

Seven specimens, six only wings. 

16. HalleBUS guttifer Walk. Hag., Syn. 266, 4. 

No. 90. Phryg, sub/asciata var., Say (Say's determ.). N. H., Mr. 
Leonard. 

17. Hallesus Argus Harris Corresp., p. 333. 

No. 107. Phryganea Argus Harr. Maine, Randall, 1836. 

A female in very bad condition. This species is apparently rare ; 
I possess a female from Massachusetts, from Baron Osten Sacken, 
and saw a third specimen in the collection of the Entomological So- 
ciety in Philadelphia. It is one of the most beautiful American 
species. 
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la. Hallesus vittatns Hams. 

No. 108. 9 Phryg, vittata Harr. Maine, BandaU, 1836. 
I suppose this species identical with Hall, amicus Hag. Syn., 265, 
2 ; only the colors faded ; but I am not entirely sure of it. 

19. Flatyphylax subfasciatus Say. 
Enoicyla svJbfasciata Hag. Syn., 269, 5. 
No. 93. N. York, Mr. Calverley. 

The specimen is a later addition to L, subguUatus (Phryg, iniami- 
nata Say), and, as I bellere, Say's species. The spots on the wings 
are not well developed. 

20. Flat3rphylax coagulata Sa^. 

No. 94, Phryg. coagulata Say Mas. (Say's determ.) Dec., 1828 ; 
Dublin^ N. H., Mr. Leonard. 

Three fragments, one from N. H. ; this species is one of the latest 
in the season, it appears in Cambridge, in NoTcmber. Perhaps 
E. difficUis Walk., Hag. Syn., 268, 5, is a synonym. 

21. Flatyphylax irroratus Fabr. 
En, intercisa Hag. Syn., 268, 2. 

No. 101. Phryganea obsoleta Say M88. (Sa^'s determ.). Two frag- 
ments from Dublin, N. H., Mr. Leonard, and *&om Maine by Ran- 
dall. Mr. M'Lachlan states that tbls species is the type of Phr* 
irrarata Fabr. 

22. Gomotaulius spec.? 

No. 106. Phryganea quadruLa Say MSB. (Say's determ.) . Dublin, 
N. H., Mr. Leonard. Only a fragment, two fore wings, and a leg 
with three spurs, probably the intermediate leg. A small species. 
Expanse of wings 23 mm. ; the wings white, hyaline, apical border 
brown, but the color divided ; a quadrangular blackish spot on the 
thyridium. I do not remember to have seen a similar specimen ; the 
neuration is as in Goniotaulius, 

28. Neophylax concinnus Say. 

No. 104. Phryganea undatula Say MSS. (Say's determ.). Dublin, 
N. H., Mr. Leonard. Fragment of a male, two wings and the abdo- 
men. I possess of this beautiful small species a female from Ando- 
ver, ei^sily to be identified by the striking coloration of the wing. 
The antepenultimate ventral segment of the male has a basal spine as 
long as the segment. 

24. Apatania nigra Walk. Hag. Syn^ 270, 1. 

No. 109. s ^ Phryganea modesta Harr. Maine, Bandall, 1886. 

The species is well defined by the sabre-shaped appendages of the 
male. 
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26. Mormonia spec. 

No. 110. Phryganea (Sericastama f) Mspida Harr. Maine, Randall, 
1839. 

Only fragments of a wing. The species is very nearly allied 
to 3/. togata Hag., 278, 1, but the fragments are not sufficient for de- 
termination. Perhaps they belong to a male, and my specimens are 
a little larger and females. 

26. Hydropsyohe morosaP Hag. Syn., 271, 2. 

No. 96. Leptocerus nubiliLs Say mbs. var. (Say's determ.). May 
15, 1825, and 1827. N. J., Mr. Calverley. 

Fragments of all three specimens, but not in a condition for a sure 
determination. 

27. Folycentropus cinereusP Hag. Syn., 293, 6. 

No. 99. Leptocerus aUemicomis Say MSS. (Say's determ.). Mil- 
ton, June 1, 1826 ; May 25-30, 1827. 

There is a male in bad condition, probably belonging to this 
species. An addition with ? from Maine wings of a Hydropsycke, and 
a specimen without label, perhaps belonging to P. cinereus, 

28. Folycentropus P spec. 

No. 134. Phryganea, Cambridge, June 19, 1843. 
Fragments of wings, belonging probably to this genus. 

29. Chimarrha aterrima. Hag. Syn., 297, i. 

A specimen with a red label, No. 135, not mentioned in the Cat- 
alogue. 

80. Macronema sebratam. Hag. Syn., 285, 5. 

No. 113. Leptocerw variegatus Harr. Cat. 1. — hieroglyphicus. Say 
MSS. variegatus preoccupied. (Say's determ.) Dublin, N. H., Mr. 
Leonard. Three specimens in bad condition. 

81. Setodes exquisita Walk. Hag. S^-n., 280, l. 

No. 116. Leptocerus tnacuUcomis Harr.- June 1, 1829, and 
Maine, RandalL Two fragments and the antenna of the third one. 

82. Setodes ignitaP Hag. Syn., 281, 5. 

No. 115. Leptocerus; July 10, 1823; May 1, 1828; June 1, 1829; 
Aug., 1834. A fragment and a specimen probably belonging here. 

83. Setodes micans Hag. Syn., 283, 13. 

No. 114. Leptocerus. June 10, 1831; Aug. 15, 1835. 
Two fragments probably belonging here. 

84. Leptocerus P spec. 

No. 112. Leptocerus tarsatus Say Mss. (Say's determ.). Sutton, 
Mass., Dr. Smith. 
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Only fragments of wings, probably belonging to this genns. 

86. Leptooerus niger L. Hag. Syn., 277, 4. 

No. 147. Phryganea (Mystacide), Cambridge, om alder leaves near 
water. 

Only fragments of wings. 

86. Molanna oineraP Hag. Syn., 276, 2. 

No. 111. Psychomyiaf convoluta Harr. Maine, Bandall, 1836. 

Fragments of the wings from two specimens, probably belonging to 
my specimens. 

There are cases of five different species of Fhryganid lanrsB in the 
collection belonging to Heteropalpoidea, one to Hallesus, another 
probably to Limnophilidae. One case labelled Europe belongs prob- 
ably to Stathmophorus fuscus. There are 84 numbers for this family 
in the Catalogue, representing 86 species with 78 specimens. Nearly 
all are fragments, only few in better, although very poor, condition 
There are besides. the two types of Harris' descriptions some very re- 
markable species in the collection. Of Say's types, so far as I see 
now, they are very few, perhaps only of a negative value, indicating, 
that is, that some species do not belong to those described by Say. 
This family has been badly injured since 1867, when I first saw the 
collection. 

SIAUNA. 

1. Corydalis oomata Latr. Hag. Syn., 192, 1. 

No. 25. Corydalis comutus L. House in eve, July, 1822, S 9 
9 from Capt. Melius, July 7, 1822; 6 from Miss M. A. Crehore; 
July 20, 1827. 

Fragments of a 3 and 9 . 

2. Chauliodes pectinicomis L. Hag. Syn., 189, i. 

No. 27. Chatdiodes pectinicomis h. May 25, 1827; July, Aug., 
1821 ; June 10, 1827 ; September 20, 1829. N. Carolina, June, 
N. York, Mr. Calverley. 

Fragments of the wings of four specimens, among them those from 
N. C. and N. Y. 

8. Ohauliodes rastrioomia Bbr. Hag. Syn., 189, 2. 

No. 86. Chauliodes derUicomis EUur. Cat; with note by Say, 
" Can this be the 9 o{ pectinicomis 1 L.** Milton, on fences, June 1, 
1822. 

Some fragments of the wings and the broken head. 
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4. Chauliodes serricomis Say. 

Ch. macukUus Hag. Syn., 191, 6. 

No. 38. ChauLiodes serricomis Say. On fences near water, May 
25, 1826; June 12-15, 1824. 

In my synopeis I changed C. serricomis for another species, proba- 
bly erroneousl)r ; three fragments in the collection. 

6. Sialis infmnata Newm. Hag. Syn., 188, 1. 

No. 39. Sialis Maurus Say Mss. (Say's determ.). On surface of 
stagnant water. May 1, 1826. 

There are four fragments in the collection, one from Maine. 

The family of Sialina has five numbers in the catalogue, represent- 
ing five species with fourteen specimens, all nearly entirely destroyed. 

HEMEROBINA.' 

1. Dendroleon obsoletom Say. Hag. Syn., 225, 2. 

No. 124. Myrmeleon N. H., Mr. Leonard; N. York, Mr. Calverley. 
The specimen from N. York in good condition, the other a frag- 
ment 

2. Myrmeleon abdominalis P Say. Hag. Syn., 226, S. ' 
No. 145. N. York, Mr. Calverley. 

Probably belonging here. 

8. Myrmeleon tectus P Walk. Hag. Syn., 232, 15., 

No. 144. Myrm. roscipennist fiurm. E. Florida, Mr. Doubteday. 

Walker's type is also from Florida, by Mr. Doubleday, and the 
identity very probable. 

4. Folystoechotes punctatus F. Hag. Syn., 206, 1. 

No. 26. Hemerobius irroratus Say. Houses, July, 1825, from Miss 
Crehore. 

Three specimens, one frx)m N. H. ; it is very remarkable that this 
species is found from the Atlantic to the Pacific, and from Canada to 
the Gulf of Mexico, ever}'where not uncommon. 

6, Chrysopa spec. 

No. 28. Chrysopa perlaf L. 1820; July 1, 1821. 

Only a fragment, perhaps C nigricomis, and two cocoons of a spe- 
cies without number; one cocoon is the largest I haye ever seen, 
nearly 6 mm. in diameter. 
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6. Hemerobius tutatrix A. Fitch. Hag. Syn., 202, 8. 

No. 29. Hemerobius mononeurus Saj msb. (Say's determ.). Majr 
1, 1823, on windows. 
Two fragments, only wings, probably belonging here. 

7. Mantispa bruxmea Say. Hag., 207, i. 

No. 143. Mantispa brunnea Say. East Florida, Mr. Doubleday. 

Two fragments. I described in the Synopsis, p. 208, two broad 
yellowish lobes on the tarsi of the intermediate legs, but I find 
that these lobes are nothing else than the pollinia of an Orchid- 
aceous plant, perhaps a Plantantaria. I possess now two Lepidoptera 
with similar lobes. 

There are for the Hemerobina eight numbers in the catalogue, rep- 
resenting seven species, with fourteen specimens, mostly eaten. 
There are no typical specimens. 

PANORPINA. 

1. Fanorpa lugubris Swed. Hag. Syn., 241, 1. 

No. 59. Panorpa scorpio F. N. Carolina, Not., Prof. Hentz. 
Three specimens, S 9 . 

2. Fanorpa debilis Westw. Hag. Syn., 243, 6. 
^o. 58. N. Hampshire, Dublin, Mr. Leonard. 
Two specimens, fragments, probably this species. 

8. Fanorpa rofesoens Rbr. Hag. Syn., 241, 2. 

No. 58. Panorpa fasciata F.; confusa Westw. Aug. 10, on 
gooseberry bushes, Milton, 1832; and var. Maine, Randall, 1886. 
Cambridge, Mt. Auburn, Aug. 1834; N. Y., Calverley. 

Six specimens, more or less injured. 

4. Fanorpa nebnlosa Westw. Hag. Syn., 243, 7. 

No. 117. 6 Panorpa maculata Harr. Maine, Randall, 1886. 

6. Bittacus stigmaterus Say. Hag. Syn., 247, 5. 

Geneva, HI., Mr. LeBaron ; not in the catalogue. 

6. Boreus nivoriundus A. Fitch. Hag. Syn., 240, l. 
No. 1 35. 2^,29. Washington Co., N. York, Dr. A. Fitch. 

7. Boreus brumalis A. Fitch. Hag. Syn., 240, 2. 
No. 136. 9 . Washington Co., N. York, Dr. A. Fitch. 

The family is represented in the catalogue by six numbers, and 
■even species with eighteen specimens. The two species of Boreus 
are Taluable types. 
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48 species, 110 specimens. 
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There are in the collection, 
Odonata 
Corrodentia 
Perlina 
Ephemerina 
Fhryganina 
Siallna 
Hemerobina 
Panorpina 

186 e(pecies, 818 specimens. 

Of the 818 specimens, 154 are only fragments of the others, bnt 
few in tolerable condition. 

The portions of Harris Collection belonging to the groups men- 
tioned in this Report, contain even now nearly one-fiflh of the num- 
ber of species described in my Synopsis for the whole United States, 
and nearly the number given at that time for New England and New 
York. From this fact alone, the collection is very important, and 
especially so as the exact date and locality is given for most of the 
specimens. The collection contains a considerable number of species, 
formerly only known from Canada, and even from the northern parts 
of it. Most of these are from the White Mountains and Maine, but 
some even from Massachusetts, where nobody would have believed 
their existence. Besides there are a number of types of species de- 
scribed by Say, nowhere to be found, since Say's own collection was 
destroyed. It is remarkable that some of the species in Harris' Col- 
lection seem to be of the greatest rarity, only represented by iso- 
lated specimens in other collections; some are even now uniques. 

The collection of a so eminent an entomologist as Dr. Harris, is, by 
itself, a treasure, and not only a national treasure, but one in *whose 
preservation the whole scientific world is interested. The coming 
generation will not be able to understand why sufficient care was 
not taken from the first to preserve a collection so invaluable as com- 
pletely as possible. I am happy to be assured, however, that further 
destruction is not to be feared. 

Most of Harris' catalogue names are published in his list of Neur- 
optera, in Hitchcock's Report, second edition, 1885, p. 580 - 582. 
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February 5, 1873. 

The President in the chair. Eighteen persons present. 

The donations received since the last meeting were an- 
nounced, and the thanks of the Society voted to the Smith- 
sonian Institution for a collection of MuridsB, illustrating Drg^ 
Coues' monograph of that group ; to the Massachusetts Poul- 
try Association, for two varieties of the hen, and to Mr. C. E. 
Aiken, for a number of bird-skins from Colorado. 



February 19, 1878. 
The President in the chair. Fifty-five persons present. 

The President congratulated the Society on the presence of 
the Members of the American Institute of Mining En^eera, 
whom he hoped would favor the Society with some of the 
results of their studies. 

Prof. Blake spoke of the extinct glaciers of the Sierra 
l^evada, and of the present dessication of our Western 
country, contrasting so strongly with the great amount of 
aqueous precipitation which formerly was the condition 
of the existence of these glaciers. Prof B. S. Silliman, 
Prof 'R. W. Raymond and Dr. Sterry Hunt, also discussed 
the phenomena in question and their causes. 

Prof Raymond also gave a short description of the geysers 
of the TeUowstone Park, explaining their mode of action 
and their structure. 

Vice-President Jackson, who had been called to the chair 
by the President shortly before, thanked the gentlemen 
who had spoken for the pleasant manner in which they had 
occupied the evening. 
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Section of Entomology. February 26, 1873. 

Mr. C. S. Minot in the chair. Nine members present. 

Mr. B. P. Mann was elected Secretary of the Section. 

Mr. J. H. Emerton exhibited a species of Mygale from 
California, in its trap-door nest. The spider was living, 
although it had taken no food for six months. 

Mr. Emerton described the manner in which the coyer of the nest 
is held down. The spider faces the hinge, and fastens the fangs of 
its mandibles into the cover, also taking hold with the claws of the 
palpi, and the first two pair of legs. The third pair of legs, which 
are very strong and have their tarsi spined, and the last and longest 
pair are bent outward agidnst the tube. The spider seems to remain 
most of the time in this position. When an attempt to open the 
cover is made, the spider resists with great power, and as the cover 
is gradually lifted, first withdraws its mandibles, and then its legs, the 
longest last. Finally, when nearly drawn out of the nest, the spider 
let? go its hold and drops back. 

Mr. Emerton also described the spinning organs of spiders, 
and referred particularly to their structure in those making a 
curled web, — the Cinidonidae of Blackwall. 

In front of the first pair of spinnerets in this family there is a pair 
of small orgaas, the nature of which has been disputed. Blackwall 
(Linn. Trans., iviii, p. 223) states that the spiders draw silk from 
them. Mr. Emerton had, by dissection, found these organs provided 
with external tubes, as in the other spinnerets, into which ducts 
passed from the abdomen. He had been unable to trace these ducts 
to their end. The spider first spins an ordinary web, which it then 
covers with a tangled and curled thread. In spinning this, one of the 
hind l^s is placed across the abdomen, so as to cover the forward 
spinnerets, the tarsus, which is very spiny, resting on the opposite leg. 
By a rapid motion of this leg the thread is drawn out, tangled and 
attached to the web. 

A fine collection of European Coleoptera, presented by 
Mr. Ernest Papendiek, was exhibited. The collection con- 
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tained a number of rarities, and was the result of several 
years^ labor in Europe. The thanks of the Section were 
voted for the gift. 



March 5, 1878. 

The President in the chidr. Thirty-three members present. 

Prof. Charles H. Hitchcock spoke of his views of the 
Classification of the Rocks of New Hampshire. 

There are five great formations in this State, eacli of which is capa- 
ble of considerable subdivision. In the present state of knowledge 
we must use only local names for the subdivisions, and employ the 
ai^Uations for the larger groups with considerable hesitation. Min- 
eral structure, while important, can never carry (he weight of paleon- 
tological evidence. Commencing with the lowest, the following are 
the groups. 

I. Laurentianl A. Porphyritic gneiss. B. Bethlehem gneiss. 
C. White Mountain or andalusite gneiss. D. Breccia of Franconia. 

n. Lahradorian. A. Common granite of the White Mountains. 
B. Spotted granite. C. Ossipyte. D. Dark compact labradorite. 
E. Dark compact orthoclase. F. Red compact orthoclase. G. Reddbh 
crystalline orthoclase. II. Syenites of Exeter and Tripyramid. 

m. Huronian, Talcose and auriferous conglomerates. Green 
schists. Whitish schists. Feldspar and talc. 

IV. Mostly Cambrian (?) A. Mica schists of Rockingham County. 
B. Merrimac group. C. Coos group. D. Clay slates. E. Green 
granite. F. Mt. Mote conglomerates. 

V. Paleozoic, A. Helderberg limestone. B. Clay slates. 

In order properly to understand the relative relations of these 
groups, the Lahradorian series should be first discussed. This group 
is developed most erfectly between Franconia and the Maine line 
against Conway. The several members constitute one horizontal se- 
ries of formations, the lowest resting upon the upturned edges of all 
the parts of Group I. The area may be compared to that of an iso- 
lated sea. Upon the rocky floor there seems to have been fii^t an 
overflow of a reddish, rather coarse granite. Neither of these rocks 
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show marks of stratification. Ossipjte is a compound of labradorite 
and chrysolite. This, and the succeeding layers of compact feldspar, 
appear to be stratified, and in many cases to overlie the granites with 
scarcely any dip. The series is cut by the syenites upon Tripyramid 
mountain in Watenrille. The highest mountains between Saco and 
Pemigewassett rivers are capped by either the labradorite or com- 
pact orthoclase. Examples are the Lafayette fange, Mts. Flume, 
liberty, Twin and Carrigain, some of them over 5000 feet above the 
level of the ocean. 

It follows from the general horizontal disposition of these masses, 
that the valleys of this mountain region are to be compared with the 
ravines of West Virginia and other countries where the strata consti- 
tute an elevated plateau. Several of the mountains mentioned above 
show four divisions of the group. The lowest is generally outermost 
as seen upon the map, and the highest band is most central and least 
abundant of all. 

Of the Lowest series, the porphyritic gneiss is the most marked. 
Two or three bands of this formation pass southerly from the White 
Mountains, one of these probably across Massachusetts into Connecti- 
cut. Its greater age than that of the other series is inferred from 
the occurrence of several bands of andalusite and granitic gneisses, 
very similar to each other, upon both flanks. The central rock is 
along the water-shed of the State, though the ridge does not carry 
hi<;her mountains than some of the adjacent schists. Two bands of 
this porphyritic gneiss terminate at the edge of the mountain region, 
being covered up by the Labrador group. 

The Bethlehem gneiss in its typical areas has an east and west 
strike, and seems to rest upon the group just mentioned, as seen in a 
section from Dalton to Mt. Lafayette. The strata are monoclinal, 
and it is therefore difficult to know whether the axis is anticlinal or 
synclinal. If the formation is the same with the gneiss at Berlin, 
the structure may be anticlinal. The prevailing rock is character- 
ized by the presence of a talcose appearing mineral in connection 
with the mica. 

The relations of the andalusite gneiss to the other members of the 
first group are not clear. It occurs on both sides of the porphyritic 
gneiss anticlinal in the south part of the State, and seems therefore 
to be the newer of these two series. It also flanks the anticlinal of 
supposed Bethlehem gneiss in Berlin. These considerations make it 
probable that the andalusite gneiss is newer than both the others. 
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The evidence of its inferior position to the Labrador group is Terj 
decided. It appears in four or five places in deep valleys, beneath 
the granite in the area of the overflow. The south-westerly course 
of the strata in the main range of mountains is interrupted by the 
granite, but reappears in Tamworth, Sandwich, etc^ showing that 
the gneiss is covered by the granite. In the valley of Dry or Mt. 
Washington River, about five miles from Mt. Washington, there is a 
limited synclinal of ossipyte resting upon the upturned edges of the 
andalusite gneiss. The granites usually lying between the two rocks 
are wanting in this valley. The apper rock is nearly horizonia], 
while the gneiss dips 60° N.. W. 

The Franconia breccia contains fragments of the porph3nritic and 
andalusite series, and, as it lies on both sides of the common granite 
in the shape of mountains, it is surmised that it underlies the latter. 
Some gneiss is connected with it in Eagle Clifi*. The third series 
has been known as the metamorphic part of the Quebec group of 
Canada; but it is better to call it Huronian, as suggested by Mac- 
farlane, Credner and Hunt.^ 

Careful sections across this formation in Lyman show green cupri- 
ferous schists at the base, with conglomerates composed of fragments 
of the same. The series is capped by a light colored schist, weather^ 
ing white, having the following composition : Silica 75.20, Ferric 
oxide 8.28, Alumina 6.07, Magnesia 2.80, Potash 3.04, Soda 9.86. In 
the valley of the Upper Ammonoosuc there is a siliceous rock some- 
what resembling this schist. It adjoins genuine Huronian schist on 
the one hand and Labrador felsite upon the other, and is probably of 

1 Prof H. D. Bofi^n seemB to have understood that this syBtem of rocks must 
be distinguished both from the Laurentian and the Paleozoic. My recollectioiis of 
a conversation with him in 1868 are expressed in Proo. Amer. Assn. Adv. 8ci.. 
1869, p. 822, where the disagreement between the Pennsylvania and Canada Sorreya 
in respect to the age of the talcose rooks is spoken of. In Proc. of this Soc., Vol. vi., 
p. 148, Geol. Pa., Vol. n., p. 746 et.seq., the difllbrence between the Huronian rocks and 
the metamorphosed Paleozoic is clearly expressed. The former are stated to con- 
stitute a system overlying the Gneissic and beneath the ** Primal." The talc<rfd 
and chloritic schists of the southern strata are also compared with the Huronian 
rocks of Michigan. But the name of Huronian is not employed in the descrip- 
tions, so fiir as I can ascertain. The system, however, is clearly recognized in the 
Southern States, and the credit of the recognition should be given to Prof. Rog: 
ers. I remember distinctly that in the conversation alluded to, these formations 
in the Southern States were spoken of as probably identical with those in Michi- 
gan, then recently denominated Huronian by Logan. Prof Rogers seems to bmm 
regarded the New England talcose rocncs as altered Fsleozoic, and the credit of 
thfiir identifloatlon with thA Hnrodlan certainl j cannot be given to him. 
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Huronian age. It stands nearly yertical, adjacent to horizontal masses 
of feldspar. The exposures were carefully examined, and seeine'l 
to us to indicate that the vertical strata had been elevated since 
the deposition of the horizontal measures. No other exposures yet 
%en throw any light upon the relations of the Huronian to the 
Labrador. Our impression is that the Labrador rocks are the oldest. 

No fossils have been found in any of the series next in order. A 
large part of Rockingham county is underlaid by a mica schist. It 
extends into Belknap county, or to Winnepiseogee river east of the 
Merrimac river, and west of the latter stream it lies in synclinal val- 
leys of the older gneiss. The southeastern border is flanked by a 
range of syenite similar to that found in Quincy, Mass. The Merri- 
mac group is a convenient term to represent the quartzites and fine 
grained mica schist following the Merrimac river below Lowell. It 
occupies the entire country between the Exeter syenite range and 
the ocean, and resembles the mica schist so much that they were 
formerly supposed by us to be identical. Some of the ledges resemble 
those yielding fossils elsewhere. 

The Coos group deserves extended mention. It embraces the 
" calciferons mica schist ** of eastern Vermont, the hard mica schist 
of Essex county, Vt., the softer slates of northern Cods county, to- 
gether with the various slates and schists holding staurolite as far as 
Massachusetts and adjoining Connecticut river, and various patches 
of andalusite slate on Mount Washington, Mount Monadnock, Mount 
Kearsage in Warner, Rochester, etc. A large number of sections 
crossing these rocks in the two States were exhibited, the object of 
which was to illustrate a suggestion of Dr. Hunt that the calcareous 
rocks of Vermont may be identical with the staurolite members in 
New Hampshire. The sections also indicate that a quartzite and 
hornblende schist constitute the basal members of the Cods group. 
The latter is the band of rock immediately overlying the gneiss at 
Shelbume Falls, Mass., as described by me before this Society in 
1858, ^ and the two varieties of mica schist then spoken of belong to 
the same group. 

On account of the folded character of our New England formations, 
the sections just alluded to show numerous cases of inverted syn- 
clinals. A typical section shows parallel bands of Huronian rocks, 
the one along Connecticut river and the other near the Green Moun- 

1 Proo., Vol. TE., p. 880. 
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tain range, and narrow bands of clay slate adjacent between them* 
Tills slate seems to rest upon the Huronian and to underlie the Cods 
group, which occupies the rest of the area between the two talcose 
ranges. The Coos range in New Hampshire is oflen folded beneath 
the Huronian, and is contiguous to gneiss upon the east. Its qaarts- 
ite is oflen isolated from the other members of the group. Its lith- 
ological character and occurrence in mountainous masses, remind one 
of the hyaline Potsdam quartzite at the west base of the Green 
Mountains. 

Some of the clay slates have been mentioned. Other long and nar- 
row ranges lie upon the Huronian and Coos group, some of which 
carry veins of auriferous quartz. Interesting remnants of it occur 
upon Mount Pequawket, near North Conway. The geological struc- 
ture of Mounts Pequawket and Mote is peculiar. They border the 
valley of the Saco. At their base is the common horizontal granite 
of the Labrador series, capped by perhaps two hundred feet of spotted 
granite. Upon the first of these peaks are two fragments of slate, 
neither of them a mile in length. The conical summits of both moun- 
tains consist at the base of a conglomerate almost exclusively com- 
posed of fragments of slate. Upon Mount Mote there are also anda- 
lusite slate, red feldspar and labradorite pebbles in it. The 
proportion of pebbles diminishes in ascending Mt. Pequawket, and 
they are small and few at the summit. The paste is a feldspathic 
granite. Upon Mount Mote there is a large amount of a greenish 
granite connected with the conglomerate. The character of the 
imbedded pebbles proves th^se conglomerates to be more recent than 
the clay slates, and they are certainly the newest rocks about the 
White Mountains. 

Fossil corals have been found in Littleton, which resemble those 
described in the Geology of Canada as occurring about Lake Mem- 
phremagog. A slate is associated with them which may be of similar 
age, — the Helderberg. A very lafge area of this slate occurs in 
Dalton. Mr. Huntington has recently discovered more perfect speci- 
mens of the corals in the town of Flagstaff, Maine. 

These facts indicate that the New Hampshire formations will 
afford us conclusions of immense importance when properly explored. 
The study of the crystalline schists of New England has been 
neglected so much in the past, that less is known of the geology of 
the long settled States of the east than of the newer but flouri^iing 
commonwealths of the interior. Let us hope that the true order of 
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succession of eozoic rocks will soon become as familiar as' the 
names of the New York system of paleozoic formations. 

• 
Dr. C. T. Jackson said that he was commissioned to make 

the geolo^cal survey of N. H. in 1840, and that the work 

was finished in 1844, the results being embodied in a quarto 

report with maps and sections. 

The geological map was to have been colored, bat want of 
time prevented ; however, the limits of the different rocks are 
clearly shown by lines. He was pleased that Prof. Hitchcock 
had found so few additions or corrections necessary in the map. 
He had not found in place the gneisses or granite containing labra- 
dorite, which Prof. Hitchcock had succeeded in doing, nor had he 
noticed the fossil corallines discovered by Prof. Hitchcock in the 
impure limestones of Lancaster, N. H.; these he believed to belong to 
the Vermont system properly, and thought no inference concerning 
the age of the White Mountains could be drawn therefrom. 

The supposed fossils of Prof. Rogers in the metamorphic slates of 
the White Mountains, had been shown to be andalusite macles, and 
he had inferred the old Silurian ago of this formation from similar 
rocks in Maine, where characteristic fossils had been found. 

Dr. Jackson believed the classification proposed was hypothetical 
to a great extent, and that sufficient reason for the adoption of the 
New York nomenclature was not shown; nevertheless he was gratified 
with Prof. Hitchcock's attempt at a new classification of the rocks of 
New Hampshire. 

Dr. Sterry Hunt alluded to the notion for a long time 
held by American geologists that the crystalline schists, both 
of the Green Mountain and White Mountain series, were 
strata of Paleozoic age, altered in some unexplained manner. 

Dr. Hunt had, since 1870, controverted this view, and had shown 
that in eastern North America, in various localities, uncrystalline 
strata containing the remains of the first or so-called primordial pale- 
ozoic fauna include fi*agments of these more ancient crystalline, 
schists, which are really pre-paleozoic or eozoic. In this class he 
includes the Laurentian, the Huronian or Green Mt. series, the White 
Mt series (once called by him Terranovan, for which he has since 
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suggested the name of Montalban), and the Labradorian or Norian 
(the Upper Laurentian of Liogan). He considers that there may 
probablj be found other distinct series besides these four among 
the*eozoic crystalline strata of North America, where stratigraphi- 
cal breaks, great unconformities and extensive denudation in eozoic 
times are evident. He objected to giving the name of Cambrian to 
any of these eozoic formations, since the rocks to which this term 
was applied by Sedgwick included only nncrystalline sediments 
holding the first and second faunas, and containing paleozoic forma 
nearly to their base in Great Britun, where they rest on crystalline 
strata. Similar crystalline rocks are elsewhere in that region di- 
rectly overlaid by the strata of the second fauna, and were hence, in 
opposition to the views of Sedgwick and Phillips, erroneously re- 
garded by Murchison as the altered equivalent of the missing Cam- 
brian strata, so that the name of Cambrian became wrongly applied to a 
series of eozoic or pre-Cambrian schists, apparently of Huronian SLge. 
As regards the Norian, which had once been joined by the Lau- 
rentian, Dr. Hjmt had elsewhere shown that we had reason for sus- 
pecting that it might be more recent than the Huronian, and possibly 
than the Montalban, a conclusion which appeared to be confirmed by 
the facts made known by Hitchcock. He alluded to the interest at- 
taching to the seeming fact that chiastolite schists occur at two hori- 
zons in the White Mts., one with the great White Mt. series of 
gneisses and mica-schists; which, according to Hitchcock, are over- 
laid successively by a Norian, and by a second series of chiastolite and 
staurolite schists. He congratulated Prof. Hitchcock on the zeal and 
industry with which he had pursued this difficult investigation, and 
believed that by adopting, as Prof. Hitchcock has done, the view that 
all these rocks are of eozoic age we escape the insuperable difficulties 
which environed their study so long as they were regarded as 
altered paleozoic sediments. 

Dr. Jackson announced the death of one of the original 
members of the Society, Dr. Henry Coit Perkins, of New- 
burjrport. Dr. Perkins firat proposed the formation of the 
Society, and drew up the original prospectus in 1828, which 
was signei by hira, by Dr. Bemis, of Chicopee, and by 
Francis Alger and the speaker, and later by Dr. Amos 
Binney. Dr. Binney actively engaged in procuring moi-e 
signatures, and in 1830 succeeded in founding this Society. 
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Dr. Perkins made many original investigations on the 
light of the stars and comets, and of the Aurora Borealis. 
He also was engaged in the study of microscopic animals 
and plants, which occupied his attention at the time of his 
death. These studies were pursued from the pure love of 
science, and entirely free from ambition, Dr. Perkins rarely 
published his results. He was twice elected President 
of the Mass. Medical Society, and was a Fellow of the Am.. 
Academy of Arts and Sciences, and one of the trustees of 
the Peabody Academy of Science, at Salem. 

Dr. Brewer exhibited a pair of rare buntings from Cal. 
{Plectophanes maccownii)^ presented by C. E. Aiken, Esq., 
to whom the thanks of the Society were voted. 



Section of Mici'oscopy, March 12, 1873. 
Mr. Bicknell in the chair. Twelve persons present. 

Mr. Bicknell exhibited the formation of crystals of silver 
under the microscope in a very simple way. A small quan- 
tity of a solution of nitrate of silver in water is placed on a 
glass slide, and into this liquid a few small pieces of copper 
wire are dropped. Crystals of silver begin at once to form, 
creeping across the field of view in a very beautiful manner. 
When the crystalization has proceeded far enough the pieces 
of copper wire may be removed, and the crystals of silver 
gently washed on the slicky and, after being well dried, can 
be mounted either dry or in balsam as permanent objects. 

Mr. Stodder read a paper by Dr. Pigott in the Monthly 
Microscopic Journal for February, on the scales of the Zfep- 
isma saccharine^ and exhibited scales with Tolles' objectives 
^, and immersion j^ and ^^ with oculars A and f . 

With the ^ objectiye the scales showed the appearances which 
formerly were the test of the best instruments; with the ^ the black 
ribs were sharply defined, with light beads in the interspaces. The 
^ showed admirably all the various appearances described by Dr. 
I^ott, with many others; in fact, almost every one present saw some- 
thing different from the others, or else described the same appear- 
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ances with different words. The principal Tariation from Dr. Pigott's 
descriptions was in the colors, but his observations were made by day 
instead of hj gaslight, and, furthermore, the objective used bj Dr. Pig- 
ott was not perfectly corrected for chromatic aberration, while Tolles' 
^ was corrected as accurately as possible — perfect accuracy in this 
respect being, doubtless, impracticable — nevertheless giving sharp 
definition of the black lines and beads. 

Mr. Stodder said he had examined the scales with the same lenses 
by direct sunlight, which thus shown are most beautiful objects, 
crowded with " beads " tinted with all the colors of the spectrum. 
The *' beads " measured 49,000 to the inch, by the same means used 
by Dr. Pigott Are these *' beads" real or iUusory ? From the fact 
that minute particles of powdered glass and the like, give per- 
fectly distinct bead-like images, Mr. Stodder believed the existence 
of real spherules on the scales not proved. 



March 19, 1873. 

The President in the chair. Twenty-six members present. 

The President announced the recent death of the cele- 
brated Botanist, Dr. John Torrey, an Honorary Member of 
the Society for over thirty-two years. 

Dr. T. Sterry Hunt was requested to prepare an account of 
the life of Dr. Torrey, which was read at a sabsequent meeting. 

Dr. John Torrey died of pneumonia at his home in New 
York, on the 10th of March, 1873, in the seventy-seventh 
year of his age, having been bom in that city on the 15th 
of August, 1796. Choosing the medical profession, he grad- 
uated as doctor of medicine in 1818, and in 1824 was 
appointed professor of chemistry, mineralogy and geology 
in the Military Academy of West Point, but resigned his 
post in 1827, to accept the chair of chemistry and botany in 
his cUma mater^ the New York College of Physicians and 
Surgeons, of which he discharged the duties most acceptably 
until his resignation in 1855. During the greater part of 
this time, he occupied also the chair of chemistry and nat- 
ural history at Piinceton, to which he was named in 1830. 
resigning it only in 1853, when he was made chief assayer to 
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the United States assay-oflSee, a post which he held, con- 
stantly discharging its duties, till his death. He was also, 
for the latter years of his life, a trustee and a professor of 
Columbia College, to which, in 1860, he pi'esented his large 
botanical library, and his extensive and valuable herbarium. 
He however retained the use of these during his life-time, 
and making his home near them, in the college where they 
were deposited, spent many hours daily in the last years of 
his life^ in the study of his favorite science ; for while his 
official duties have made him known to the world outside as 
a chemist and mineralogist, it is on his botanical labors that 
his scientific feme will chiefly rest. 

He early gave himself to the study of botany, and as long 
ago as 1819 published a catalogue of the plants growing 
within a radius of thirty miles of New York. Fifty years 
later his botanical friends celebrated the anniversary of its 
publication, by a banquet given to the Nestor of their sci- 
ence, in the decorations of which the Torreya taxifolia^ 
belonging to a new genus of Taxacea which had been named 
for him, was not forgotten. A Flora of the Northern and 
Middle States in 1824, a remarkable monograph of the 
Cyperacea in 1836, the Flora of the State of New York, in 
two volumes, in 1842-44, with various Botanical Reports 
of the results of United States exploring expeditions from 
1828 to 1858, comprise the chief part of his publbhed con- 
tributions to botany. He moreover edited with his friend. 
Dr. Asa Gray, the Flora of North America, and has, we 
believe, left behind him a large amount of manuscript notes 
on botanical subjects, nearly ready for publication. 

But while thus doing such a vast amount of ori^al work 
in this department of natural history, he was wont to sny 
playfully, that botany was his amusement, and chemistry 
and mineralogy his profession, as they had been his first love. 
In the early part of his professional life, he published several 
valuable papers relating to these studies, including observa- 
tions and analyses of various American minerals, but 
although he never abandoned such pursuits, and habitually 
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spent more or less time in chemical work in his laboratory, 
he in sabsequent years gave us little or nothing of his 
results. His great familiarity with the literature of chem- 
istry and mineralogy, his fertile mind, and his acute powera 
of ol^servation, fitted him nevertheless, to be an investigator 
of a high order. The patient scrutiny with which he exam- 
ined any new mineral substance, calling in the aid alike of 
chemistry and the microscope, was the delight of those who 
were admitted to his confidence. That he did not elaborate 
the results thus obtained and give them publicity, is to be 
ascribed in part to his great modesty, which led him to 
under-rate the value of his observations, and in pait to the 
fact that his time out of the laboratory was chiefly given to 
his botanical investigations, which divided his allegiance, and 
deprived mineralogy and chemistry of many precious con- 
tributions which, it is to be feared, are now lost, and must 
await a second discoverer. An example of this occurred in 
a long and carefully written letter, containing observations 
on the varieties of iridosmine from our Pacific coast, sent 
to the writer of this notice, with specimens for verifica- 
tion, some two years since. When urged to publish his facts, 
Dr. Torrey declined, saying that they were too insignificant. 
The moral nature of Dr. Torrey was one of rare excel- 
lence and beauty. An engaging fi*ankness, a genial humor, a 
generous sympathy and a child-like simplicity of manner, 
with a happy religious faith, endeared him to all who were so 
fortunate as to be admitted to his intimacy; and he was 
always ready to extend a helping hand to young aspirants in 
science, who never sought in vain his council or his aid. He 
retained to the last a lively interest in all his scientific pur- 
suits. Such a man could never grow old in heart, nor were 
his powers apparently enfeebled by advancing age. In 
November last, the writer listened to him with delight, as he 
turned from learned and judicious comments on a recently 
published chemical treatise, to his microscopic studies on 
ceitain sands, where his keen vision had just made discov- 
eries which had eluded the scrutiny of younger eyes; nor 
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was it until a few weeks before his end, that illness obliged 
him to relinqnish his daily attendance at the assay-oiBce. 
He died as he had lived, quietly, surrounded by an affection- 
ate family, and cheered by the hopes of a Christian. His 
name is written imperishably in the history of American 
botanical science, and his monument is Torrey^s Peak, that 
lofty summit of the Rocky Mountains which bears his name, 
and rises side by side with Gray's Peak, named for our other 
great botanist, his life-long friend and fellow-worker, who can 
alone do justice to the story of the long, busy and useful 
life of Dr. John Torrey. T. S. H. 

The following paper was presented: — 

>Thjs Systematic Position of the Bbaghiopoda. 
Br Edwabd S. Morse. 

To Japetos Steenstmis 

Whojirst rteoffnized tke AnneUdan Affinides of the Braekiopoda, Utk Contribution 
u reqfectfuUy demccUed, 

Preface. 

To the systematic zoologist it is instnictiye to mark the changes 
that have taken place in the classification of animals within the last 
thirty years, changes not only resulting from further knowledge of 
the internal structure of animals, and of their embryology and early 
stages, but changes resulting from a new interpretation of data pre- 
viously well known. 

Up to comparatively recent times, such distinguished authorities 
as Agassiz, and Vogt, have suggested the association of the Yorticel- 
lide^ and Foraminifera^ and the Ctenophora* with the MoUusca. 

Not only were these additions rejected, but already have been re- 
moved the Cirripedia, and the shell-bearing Serpula, Spirorbis, and 
other forms originally grouped with the Mollusca. Are we now to 
believe that this work of elimination has ended ? If further dismem- 
berment of this perplexing branch is to take place, one would natur- 
ally look for it in that association of classes called the MoUuscoi- 

> Loais Agassis, Essay on Classifloatlon. Sto. ed., p. 206. 

> Ibid., p. 118. 

* Carl Yost, Zoologlsche Brlefb. 
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dea, first separated hy Milne Edwards, and afterwards adopted bj 
Dana, with pregnant suggestions as to its valne as a gronp by itselfl 

Becently Eowalewsky, Eupffer, Scholtze and others, have as- 
sailed the Tanicata, and demonstrated their kinship with the lower 
Yertebrata through Amphioxus. Leuckart has long maintained 
that the Polyzoa have no sort of relation to the MoUusca, but belong 
to the Vermes, and recently the distinguished Gregenbaur, in the sec- 
ond edition of his Outlines of Comparative Anatomy, not only assigns 
the Polyzoa to the Vermes, but places there also the Tunicata. And 
now in this paper I wish to show that in every point of their 
structure, the Brachiopoda are true worms, with possibly some affin- 
ities to the Crustacea, and that they have no relations to the Afol- 
lusca, save what many other worms may possess in common with them. 

In nearly every case the unnatural association of certain groups 
with the Mollusca has been due entirely to superficial resemblances, 
to ^* formal analogy," as Forbes would say. 

The same reason that first led conchologists and zoologists to in* 
elude Spirorbis and Serpula and the Cirripedia, as well as the For- 
aminifera, with the Mollusca, namely, the presence of a calcareous 
shell, also brought the Brachiopoda into the same category. But 
while there was some resemblance between the cases of certain tubi- 
colons Annelids and the shell of Vermetus, or the flattened form 
and lateral shells of Anatifa, and the lamellibranchiate shell, or the 
chambered shell of certain Foraminifera and the Nautili, there was 
but little to suggest an affinity with the lateral lamellibranchiate 
shells, in the dorsal and ventral plates of the Bracluopoda. 

The mere possession, however, of a calcareous shield of some sort, 
whether in one piece, or several pieces, whether a tubular or a cham- 
bered shell, furnished sufficient reasons for most zoologists to include 
creatures bearing such shelly coverings with the Mollusca. Hence 
we find Lamarck, at one time placing Anomia and IMscina together. 
And Cuvier, allowing the accepted views of the time to lead hun 
astray, forsook his principles based upon internal structure, and re- 
garded the relations of the Cirripedia as moUuscan. 

It is amusing now to look back and see with what quiet resignation 
the conchologists (for such they were rightly called) permitted the 
removal of those forms which possessed no shelly covering, with what 
stolid indifference they allowed other unprotected forms being forced 
upon them, and with what obstinate pertinacity they withstood the 
removal of such groups as possessed a limy shelL 
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Saj8 Mr. 6. B. Sowerbj, the great English oonchologist, after 
Thompson had so clearly shown that the Cirripedia were crastaceans 
and not molluscans; ** Without describing the facts, or entering upon 
the aiguments, with which he (Thompson) supports this opinion, we 
must be permitted to saj that we do not think he has fuUy demon- 
strated it ; at the same time, considering that, as far as we hitherto 
knew, the Cirripeds were all attached, the circumstance of their being 
free when very young accounts well to our mind for the fact of 
each species being found attached to peculiar situations, which 
would only be compatible with the notion of their being at one time 
free agents, and possessed of an intuitive volition, detennining their 
choice of situation*" 1 ^ 

Every worker knows how blindly one will work, when his mind 
is imbued with the accepted views of the subject, when he does not 
dream of questioning what he has always been taught to believe, 
particularly when those teachings come from the highest authorities. 
Even so ^tinguished a naturalist as Prof. Huxley, after he had re- 
repeatedly observed the external openings of the oviducts in 
Bhynchonella, confesses that " pre-occupied with the received views 
on the subject (namely, that oviducts were hearts), I at once inter- 
preted them as artificial.*^ In the same way Prof. Owen thought he 
saw a minute perforation at the extremity of the intestine of Tere- 
bratula, where no such opening exists. As Lingula, and Discina had 
an anal opening, it was quite natural to believe that the other 
Brachiopoda formed no exception to the rule. 

Many elaborate investigations of the Brachiopoda had been made 
by such eminent naturalists as Cuvier, Yogt, Owen, Hancock, Hux- 
ley, Davidson, Lacaze-Duthiers, Gratiolet and Carpenter, and in all 
their memoirs no doubts had been expressed as to their molluscan 
nature; therefore, on commencing the study of the Brachiopoda, thir- 
teen years ago, I had no more doubt of their moUoscan character, 
than of the vertebrate character of birds, and attempted only 
to show more closely the homologies which I believed existed between 
the Brachiopoda and Mollusca. When at last they had been forced 
into the' place where I believed they rightly belonged, the result of 
that work was published in the Proceedings of the Essex Institute,* 

> Sowabj, Genera of Shells. 
* Hiadej, Proc. Bo^al Soo., London, YoL vn., p. 118. 

' Cluslfleatlon of thii MoUiuoa bised upon the Principle of Cephalisatlon. 
l*roe. Eases Intt, Vol. iv. 186S. And Smiman's Joomal, Vol. xlii, July, 186& 
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and afterwards republished in SiUiman's Journal. The fact that in 
that paper the Brachiopoda were tamed up side down, and end for 
end, shows the violent methods resulting fix)m faith in accepted views. 
It is a simple matter of justice to myself that I make this confesdon, 
and I may also saj that my studies of the Brachiopoda have been 
made, not for the purpose of describing new species or genera, to 
show their geo^aphical distribution, or to tabulate the number of 
species known, but simply and solely, to determine their affinities ; 
and that some weight may attach to the radical views here advanced, 
I may, with satisfaction, state that my investigations on the subject 
embrace a series of observations on the anatomy and early stages, 
of Discina, from an immense mass of material -in alcohol for- 
nished me by Prof. Verrill. I have also carefully studied living Lin- 
gula, Rynchonella, and Terebratulina, and the early stages and embrj- 
ology, of the latter. 

Some of these investigations have already been published, and I had 
hoped to present them all before publishing this paper, but as some 
time will be required to prepare the results, and the necessary plates 
on Lingula and Discina, I am reluctantly compelled to present this 
first 

Intboductobt Considerations. 

The changes here proposed in the removal of the Brachiopoda 
from the MoUusca,, and their association with the Vermes, make 
necessary a comparison between the MoUusca, as now restricted, and 
the Vermes. 

Many naturalists now hold the opinion that the MoUusca are 
descended fix)m the Vermes. Indeed, it would seem firom the rapidly 
accumulating data that the Vermes underlie the whole animal king- 
dom, with the exception of Protozoa. Only on this hypothesis, that 
the MoUusca are derived from the Vermes, can we understand the 
otherwise strange assemblage of characters displayed by such Mol- 
lusks as Chiton, DentaUum, Pneudermodon. 

In our comparisons we are justified in selecting as typical MoUusca^ 
those groups which have remained unchanged the longest 

I We leave oat of oonsidenitioii the Polyzoa, slnoe th^ are not only related to the 
Bnohiopoda, bat beoaaae they are regarded as worms by Leackart, Gegenbaar, and 
many others, and also the Tonioates, regarded by many natoralists as forming the 
base of the vertebrate series; others placing them with tho Vermes, and by all 
separated from the MoUasoa proper. 
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A typical Lamellibranch, and a typical Gasteropod, will be ad- 
mitted by all, as best representixig this branch, for while other groups 
have widely changed since their first appearance in past ages, we 
find the Lamellibranch and Gasteropod of the lower Silurian as t}'pi- 
cal as present existing forms, e* g., Modiolopsis, Avicula, Murchi- 
Bonia, Fleurotomaria, and from the tracks and tubes, and still later 
BetsB, we are safe to assume that the Annelids were as characteristio 
of their classes in past geological times, as at present. 

We cannot compare the Trematodes and Turbellarians, with the 
Nudibranchiate MoUusks, for however much resemblance some may 
see in their adult condition, as among the Planarians,^ certain charac- 
ters of external symmetry in common, their respective embryos are 
identical with their respective divisions, the one being annulated, the 
other developing a foot, and a nautiloid shell. 

Leaving these out of consideration, then, and taking the dominant 
characters displayed by the Vermes on the one hand, and the Mollusca 
as cited on the other, we have in the Vermes, a form, whose length is 
much greater in proportion to its breadth than in the Mollusks; the 

Fig. L Fig. 2. 




Tnuiflvene Motion of Annelid Timnsveree seotion of molliuoan 

after Cams. archetTpe after Caros. 

b. bands Bospending intestine in periviBoeral cavity, i. intestine. «. segmental 
organ, se, te, setc. 

worms being drawn out as it were, the Mollusk being concentrated. 
The worm is perfectly bilaterally symmetrical, depressed, flattened 
or circular, the dorsal and ventral regions so near alike in many cases, 
as to be distinguished with difficulty, and the body never fattened 
laterally. The Mollusk is also bilateral, but often asymmetrical, 
the dorsal and ventral regions are very unlike, and the body almost 
always flattened laterally. This latter character is so marked, more 
especially among the Lamellibranchiata, as to have led Prof. Agassis 

I Girard plaoed the Flanarians with tbe Mollusks. 
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to applj the term laterality as distiiigaiflhiiig the Mollosks, while 
the term tergality was applied to the whole CuTierian branch of 
Articulates. Agassiz has also called attention to the fact that while 
the display of structure is upon the sides in MoUusca, it is upon the 
back in the Articulata^ though numerous and important ezcepticHis 
occur in both groups. 

In the worm, the locomotor muscles are intimately connected 
through the entire length of the body with the integumentary system, 
especially on its dorsal and lateral walls (Rolleston). In the Mol- 
lusk, on the contrary, the locomotor muscles are connected yentrallj 
with a specialized creeping disk, the foot. 

In the MoUusk, with few exceptions, the viscera are carried above 
the foot in a protruding chamber. 

Fig. 8. • 




MoUofloan arohetype from Canu. 

In the worm, the symmetry of the body is never disturbed by 
the viscera. The tegumentary envelope, when separate from the 
body proper, forms at most a projecting, or an everted collar about 
the head, and, in a few instances, a continuous free membrane along 
the sides of the body. In the worm this envelope, and adjoining 
parts possess chitinous outgrowths in the shape of scales, rarely a 
shell, but conmionly setss, the latter being a marked character of 
the Vermes. 

In the Mollusk the tegumentary envelope is prolonged, and often- 
times continuous, forming a sack or mantle, inclosing a conspicuous 
cavity, and protecting the gills. Hence the name Saccata, proposed 
by Prof. Hyatt. SetsD, or scales, are not present ; while the possession 
of a calcareous shell, composed of one or more pieces, furnishes the 
only material to nine-tenths of those who study them. In the worm 
the plates, when present, and the thickened integument, are per- 
forated with minute tubules, a character not possessed by tne MoUusk. 

In the worm, the digestive canal is straight, rarely convoluted, 
and suspended freely in the perivisceral cavity. (See Fig. 1, (.) 
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In the Mollnsk, the intestine is always convoluted, not suspended 
freely in the perivisceral cavity, but intimatelj blended, or united 
with other organs. 

In Vermes there is a peculiar depuratory apparatus characteristiq 
of all. In the Annulata this apparatus takes the shape of bilaterally 
symmetrical tubes, in pairs, opening externally and communicating 
with the perivisceral cavity by distinct independent infundibilform 
orifices. (See Fig. 1, *.) 

In the Mollusca, with exception of certain Cephalopoda, nothing 
of the kind is found, and where such communication does exist 
between the organs and the surrounding medium, it is by means of 
simple orifices in the walls of the cavity. 

In the Vermes, especially in the Annulata, a nerve collar is found, 
fipom which start two parallel chains of ganglia, oftentimes widely 
separated. 

In MoUusks there is also a nerve collar surrounding the oesophagus, 
and no double chain, but nerves are thrown out to the sensory, motor, 
and parieto-splanchnic regions. Hence the names Homogangliata, 
and Heterogangliata. In the Annulata, with the exception of the 
Discophora, the generative products are set firee in the perivisceral 
cavity, receiving from the fluid therein contained, certain nourish- 
ment. In MoUusks this never occurs, though in certain Cephalo- 
pods the products of the generative organs are set free into a com- 
partment of the perivisceral cavity, and firom there find egress through 
the oviduct 

With the exception of the Octopoda, the ^- *• 

oviduct is single. In the latter group there 
are two oviducts bilaterally symmetrical, 
all of these features being vermian. 

In Vermes the en^ryo never possesses 
a single or double shell, and with few 
exceptions is distinctly annulated,^ while 
among the Mollusks, even when devoid 
of a shell in the adult, the embryo early 
develops a shell composed of one or two 
pieces. 

Other differences of minor importance 
might be mentioned as separating distinct- 
ly the typical worm, from the typical Mol- 
lusk, but the leading characters here pre- 

i8€e"NoTB,"p.lO. 
pBOOXKDnras b. s. h. h. — vol. xv. 21 sxptembbb, 1873. 




Onbrro of LamellibnuH 
ohlate. 

f, shell; m, moath; /, 
fbot; b, hywuX gland; 
^f giUi. 
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tented niflicieiitly indicate the wide divergence of the two great 
DiTifliona. 

Kofix. The inimliitod embi3ro of the womu is chazBcteristio of moBt of tiiem, 
from the Botiftr to the highest Ghsefeopod. In all, Ihe body is generellj dirided 
into a few transrene segments. In Ihe Lamellibranchiate and Gasteropod the 
embiyo early develop tiie velnm, or foot, projecting from a bivalve, or a nantiloid 
ahelL In Chiton tiie larva is annnlatod, according to Loven. Pneomodennon, 
among the Ptsropoda, has the body banded by transverse ciides of cHia. In 
Dentdinm the larva resembles that of a true worm. 

The affinities of Dentalinm are not clearly understood. It was placed among 
the Annelids by Cnvier and Tiamaiv.k, and then among the Mollusks by Deshayes 
and De Blainyille, as Gasteropods. Since then they have been bandied aboat 
fitan one end of the aeries to tiie other. Lacaze-Dnthiers,^ who has made the 
most thoitmg^ investigatioii of Ihem, makes a separate class, Solenoooochia, 
wilh Iheir affinities mostly among the Lamellibranchiates. Hozley places them 
with the Pteropoda, on acconnt of the mdimentary head, nenral flexnre of in- 
testine, presence of epipodial lobes, and tiie character of the larva. With all 
these diverse relations, I would suggest that they certainly bear some relations 
to the Tetrabranchiate Qephalopods, in the numerous and retractile tentscles, 
tiM dorsal turn of the shell, and the strict identity between a peculiar bilateral 
oartUaginons body which occurs in the head of Dentalium, as well as in ttia 
head of IftHftOMpotnUuitm 

HaTing thus connoted the leading features characteristic of each 
DiTision, our next object is to inquire whether all the characters 
of major and minor importance possessed by the Brachiopods are not 
held in common by the worms, and are in no wise possessed by the 
Mdlosks. 

Generai Proportions of the Body, 

In Mollusks, while we may have the body divided into a creep- 
ing disk, and a visceral portion, the visceral 'portion osoally car- 
ried above in a protmding chamber (See Fig. S), or the mantle 
prolonged behind, to form the tubes, we do not have the body 
constricted transversely, forming a thoracic, and an abdominal por- 
tion. We do not £nd such a feature as a caudal appendage, 
nor are the Mollusks ever attached, save by the adhesion of the 
calcareous shell, or by the byssus. Among the lower worms, as, fer 
example, some Rotifera, certain forms are fixed by their posterior 
portion. In the Rotifera, as well as in the tubioolous Chntopodsi 

•^AmMOes daa BolanoM NatueOes, 1866-67. 
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the body is in most cases distinctly divided into a thoracic portion, 
and an abdominal, or caudal portion. In Pectinaria the caudal por- 
tion is separated from the body by a deep constric- 
tion, and is apodous. In Serpula, Frotula, and Ly- *^' ^* 
silla, the separation of the body into two regions is 
strongly marked. In Sabellaria alveolataf the caudal 
portion is very long, cylindrical, and apodous. 

In the Brachiopods, the body is also distinctly di- 
Yided into a thoracic and caudal portion. The cau- 
dal portion varying greatly in function and charac- Toung Uotifer. 
ter, in different groups. In some, this portion is very 
short, and firmly fixed to some point of support. In Rhynchonella 
and Terebratulina it is capable of sustaining the body, and of twirl- 
ing it round in various directions, or more correctly the peduncle 
appears to be firm and elastic, and the body is capable, by certain 
muscles, of twirling round upon it In other Brachiopods, as in 
Discina, the peduncle, or caudal portion, has its special set of mus- 
cles, attached to the outside of the ventral plate, and its cavity is 
in direct communication with the perivisceral cavity by an azygos 
opening. 

In Lingtda pyramidata (and I presume the other forms of Lingula 
will present no essential difference) the peduncle is nine times as 
long as the thorax, firee, active in its 
vermian contortions, and possessing the Fig. 6. 

power of fabricating a sand tube. The 

thorax also possesses this power. (See '^^^^X^^t^^'f^^'^^ 

figures 1 to 7 in Plate I.; Not only A Jl I I I A 

is the body often enveloped in a sand ""T^^^-r^^ 

case, but this species of Lingula has •*.{•.•.• I-. ••J.*. • II >. 

the power of covering the bottom of ^zHt^Jpiife^^^ 
any vessel in which it may be confined "YTYTir "Y^ Y 

with a sinuous sand tube, precisely sim- I I 

liar to the tubes made by Terebella, ^w^*^->w*^->s^ 

and alUed forms under like circumstan- ffS^%'S^,SLS^''^o^^^^^ 
ces. (See Fig. 7, Plate I.) Though SSd*llJiUiin?'* ^'^^^^^^'^ °^ 
the peduncle of Lingula is capable of 

varied and rapid movements, is partially annulated, shows a constant 
circulation of the perivisceral fluid within, is possessed of mucous 
pares, yet no trace of setsB are seen upon its walls, and this is in 
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accordance with what we see in wormsy tliat thoee segmenti without 
appendages or set« are the candal ones. 

A prominent character of the hi^er worms is the annolations, or 
rings marking the bodjr- In the Gephyrea, however, this featore is 
not so obTioos as in the peduncle of Lingola, while in many of the 
lower worms, «. g:, Chsetognatha, Nematoidea, Acanthocephala, 
there are no segments, and in the Botifera the segmentation is 
eztemaL Therefore the absence of this character in the Braehio- 
poda is nnimportant. 

The presence of more than one segment in the Brachiopoda is 
posablj maiked in Bhynchonella, where two pair of segmental 
oi^gans, or ovidncts, occur. In lingula, also, a deep constriction 
occurs jnst hack of the posterior occlosor muscles, a membraneous 
partition at this point tends to separate the perivisceral cavity, and 
the stomach has a corresponding ridge upon its walls. All these fea- 
tures certainly suggest segmentation. The arrangement of the 
muscles in Lingula into distinct sets, first the anterior occlusors, 
then the posterior ocdusors, next the external, central and posterior 
adjustors, and finally the divaricator muscles, suggests segmentation 
of the body, as seen in the Arthropods. This feature is less marked 
in Disdna, though sliU aj^xarent, and with their external peduncular 
muscles one might, with propriety, theoretically form a number of 
rings. 

The dorsal and ventral symmetry is a distinctive character in worms. 
This symmetry is often so complete as to render the determination of 

above and below a 
Fiff. T. matter of great dif- 

ficulty, and, as in 
Stemaspis, a source 
of confusion. (See 
.1^*9 transverse section of 

Annelid, Figure 1.) 
The same feature 
is likewise charac- 
teristic of many 

6. tends saipendlng intestine in periviMermlcsTitj. Brachiopoda, par- 
i, intestine, t. segmental oigan. o. orarioB. I, liv- *'»«*'*"V4jw**«, ^wc- 
er. g, glUs. <e, m. eetB. ticularly with Lin- 

' gula, where these 

regions externally are almost precisely alike, and where single valves 

of lingula are found fossil, or their impressions are seen upoa tha 




Tnuurene aeotioii of lingnla. 
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rocks, it b almost impossible to determine whether ihej are dorsal 
or ventraL 

No one, however, would mistake these regions in the Lamelh- 
branchiate, or Gasteropod. 

In the Brachiopoda, with the exception of Lingula, there is a 
a great concentration of the bodj, quite unlike auTthing seen in the 
Vermes. Lancaster, however, describes, in the Annals and Maga- 
zine of Natural History, a worm, Ckcstogaster vermiculari8, one 
of its chief points of interest being the exceedingly small number 
of segments, four or five only. 

Many Rotifera are also highly concentrated, or cephalized, with 
dorsal and ventral flattening, and with a chidnized integument 

As to this concentration of parts in the Brachiopoda, it would be 
strange indeed if the worms alone should not show this concentra- 
tion of structure in some of their forms. This same diversity occurs 
in all the other groups, as in the Crustaceans, the highly cephalized 
Brachyurans, and the elongated Macrourans, and among the Cirri- 
peds, the concentrated and flattened Coronula, and the long pedun- 
culated Anatifa. Or among the Echinoderms, the flattened MelHta 
or Scutella, and the worm-like Holothurian. Or, again, in the 
Lamellibranchiates, the concentrated Isocardia and the attenuated 
worm-like Teredo. Other examples might be given in the Polyps, 
Ctenophore, Gasteropods, Insects, Fishes and Reptiles. 

Concentration, or cephalization of a structure, while modifying 
the character and functions of parts, and even obscuring their 
ready interpretation, can in no wise aflect the relation of the animal 
sustaining such features, though it may account for certain peculiari- 
ties attending such conditions, in the same way that parasitism 
may account for the absence of certain organs, characteristic of 
related forms. 

Integumentary Organs. 

In MoUusks the tegumentary envelope is almost always extended 
to form a sac, or mantle, which is open below, sometimes resting like 
a cap upon the back, or better, extending itself in a wide membrane 
about the viscera, or it may hang upon the two sides of the body, 
split below in a median line, but not on the sides. 

This, envelope, or mantle, usually secretes a shell composed of car^ 
bonate of lime, and is attached to it by special muscles in limited 
areas, so that when these are separated, the envelope is found to 
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have no sort of connection with the inner walls of the shell secreted 
by it, from which the shell readily drops. This feature renders 
possible the formation of pearls, by irritating substances or parasites, 
finding their way between the mantle and shelL 

The molluscan shell is never perforated with tobnles passing per- 
pendicularly through, from one surface to the other, nor are there 
any minute ramifications of the mantle, or, other portions of the 
soft parts, entering the substance of the shell, and consequently no 
adhesions of the body, saye by the special muscles above alluded to.^ 
In the Annulata the integument is rarely ever extended beyond 
the limits of the body. When this is the case, it forms a broad 
membrane bordering the thorax, as in Protula, Serpula crater (See 
Plate I., fig. 10), and others, or it surrrounds the head in a collar, 
often everted, split upon the sides and notched in the median dorsal 
region, and separated in a median line below. In Protula Dysterij 
abroad membrane borders the lateral aspect of the thorax, from 
which the setie spring. In Serpula crater, the membrane borders the 
thorax diagonally , being free at the posterior dorsal region of the thorax. 
In Brachiopods we have an extension of the tegumentary envelope 
firom above and below, enclosing the arms. This membrane is also 
split upon the sides, and is directly to be com- 
Flg. 8. pared with the cephalic collar in certain ta- 

biculous annelids, as Sabella, for instance, 
where it differs only in degree. In Sabella 
the cephalic collar does not cover the bi- 
lobed arms, but it is a split upon the sides, 
and notched in the median dorsal line. In 
many Brachiopods there is also a notch in 
the median line, and the genus Pygope of 
Link, the notch divides the collar into two 
^^^sSbella.* ^ lobes, which afterwards unite, leaving a hole, 
m. median dorsal notch, or space in the shelL In other words, this 
/. lateral notch- membranous collar covers simply the base 

of the arms in those worms possessing it. While in the Brachio- 

> In bis work on the Microscope, Dr. Carpenter has described, as peculiar to 
Anomla, an irregular net work of minute tubules, ranning parallel to the snrlkoo 
of the shell, scantily distribated in the inner layers, but very abundant In the 
outer layers. In his last edition of this raluable work, Dr. Carpenter explains 
the character of these minute tubules, and refers them to the action of a parasit&o 
ftmgus. Mr. Mark Stirrup, at a meeting of the Manchester Philosophical Society, 
England, exhibited sections of rarious shells, and showed that in Anomia, the 
lamiQring tubules were produced by a Amgoid growth. 
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pods the collar coTers and protects the arms, which, however, 
may partially project, as in Terebratulina and Lingula, and wholly 
so in RynchoneUa jmUacea, as I observed last year.^ 

Furthermore this pallial membrane, or cephalic collar of the 
Brachiopods, is not to be compared to the mantle in the Mol- 
lusca, as pointed out by Dr. Carpenter in 1854. In a paper on 
the peculiar arrangements of the sanguiferous system in Tere- 
bratula, and other Brachiopods, ^ he says : <<The membrane 
which is commonly spoken of as the mantle, and which may be 
stripped from the shell by the use of sufficient force to overcome its 
adhesions, must, I maintain, be considered as really its inner layer 
only ; for I find that an outer layer exists, so intimately incorporated 
with the shell as not to be separable from it without the removal of 
its calcareous component by maceration in dilute acid. When thus 
detached, this outer layer is found to be continuous with the mem- 
brane lining the perforations in the sheU." I have observed that 
when the test * is removed in Lingula pyramidata, the perivisceral 
cavity is often exposed, of such extreme tenuity is the inner lining 
membrane. 

From a figure and description given by W. Baird,«of a peculiar worm case 
TerebeUaJlabelhm, the cephalic collar might have had the proportion of many 
Brachiopods, in being broader than long. He describes the orifice of the tube 
as being circular, and says, ** the most characteristic feature, however, in the 
atmctare of this tnbe, is the fan-shaped expansion of filaments at its upper 
orifice. This orifice is circular, and has on its dorsal surface a projecting lip, or 
kind of hood, which extends beyond the month for a short distance, whUst from 
the ventral side springs another lip or hood." 

Dr. Dawson" represents the worm case of VemdUa §errula ftom the Gulf 
of St. Lawrence, in which there is a marked thoracic enlargement. 

In a few woims only, do we find dorsal scales, as in Polynoe, or 
posterior and ventral scales, as in Stemaspis, and when these occur, 
they are chitinous, as in Discina. In Brachiopods the dorsal, and 
▼entral shells, or plates, are unlike anything we know of in worms. 
Their composition and structure, however, their dorsal and ventral 

1 American Joonial Soienoe and Art, Vol. iv,, Oct., 1872. 
s Proc. Boyal 8oo., London, VoL vn., p. 82. 

• The test of this species, when dried, wrinkles and folds together Uke the seats 
of Lepidonotiis. 

« Journal Linmean 8oc., Vol. vxn., p. 157, pL 6, figs. 1, 2. 

• Canadian Naturalist, YoL ▼., p. 24. 
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arrangement, the fact that in Lingola and Discina and allied forms 
the ahellfl have their borders free all round, while in those that 
interlock at their posterior margins, there is no ligament to act upon 
them, as in the lateral shells of the bivalye MoUusk, sR these features 
together preclude the possibility of snj comparison between them 
and the molluscan shell. It Ib, therefore, more natural to regard 
the Brachiopod shell as a dense and thickened integument, to be 
compared to similar regions in the Arthropods and in the worms, 
simply as dorsal and ventral plates, and from certain considerations 
to follow, we believe this relationship will be admitted. The pres- 
ence of nearly fifty per cent, of phosphate of lime in the test of 
Lingula, both recent and fossil, is a feature peculiar to the hardened 
integuments of the higher Arthropods, and entirely unlike anything 
found in the molluscan shelL In the hardened integument of Crusta- 
cea, tubular pores exist, which according to Dr. C. De Morgan^ are 
oigans of general, or special sensibility, as he finds in many cases 
the tubules surmounted by hairs. 

He says, '* The shell canals are comparatively fine, more resem- 
bling coarse dentinal tubes, but they are lined by a sheath, and have 
contents prolonged from the vascular layer. The relations of the 
contents of the tubes to the internal integuments, may be shown by 
tearing away the latter from the sheU, when the contents will often 
be drawn out of the canals ; and it may be seen that they are pro- 
longations of the outer layer of the integument, enclosing the ele- 
ments of the vascular layer within their cavities." 

In the Annelida, also, there appears a system of minute pores, 
and EoUiker (we copy from Clapar^de) asks whether they are not 
homologous to the tubular pores (porenkanSile of the Grermans) of the 
Arthropods, or whether they may not be compared to the apertures 
of the cutaneous glands, such as those discovered by Mr. Leydig in 
the Fiscicolffi. To this, M. Clapar^e says, positively, that the two 
categories of pores exists in the Annelida. Those which serve for 
the discharge of certain secretions seem to exist in all species. He 
says, furthermore, that the canalicular pores are much smaller, and 
much closer together, and do not correspond with glands^ and that 
they occur only in the species with a thick cuticle^ and not even in all 
these. 

In the test of most Brachiopods, similar minute tabular canals 

^On the stmetare and flmotioni of the hairs of the Grnstaoea. FhiL Ikaiis.,La» 
don, Vol. 148, p. 807. 
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exist. They do not open outwardly, at least, not so &r as known at 
present In the test of Lmgula pyramidata^ they are exceedingly 
xninute, and closely crowded together. Dr. Gratiolet has idso 
observed them in the test of L. hians. In Discina I have failed 
to find them. Dr. Carpenter,^ who is one of the highest au- 
thorities on the subject, states that these tubules are intimately 
connected with the vascular layer, which sends coecal prolonga- 
tions into each one of them. Hancock questions this view, and 
states that from his observations, the coecal processes spring from 
the reticulated layer of the pallial membrane, though he admits the 
constant presence of corpuscles in the coeca, which strongly resemble 
the blood corpuscles. 

Hancock, in speaking of the tubules, says : " The best mode of investigating 
these organs is to dissolve the shell, and then they are exposed in various stages 
of growth, adhering to the margins of the mantle. They are arranged in rows, 
and are cylindrical, with the distal extremity obtusely rounded, and are pedun- 
culated fVofn the first; the peduncle is long and narrow; the coeca at the extreme 
edge are small, but rapidly increasing in size backward; the terminal, or en- 
laiged portion, is almost constantly stufi'ed full with the so-called blood cor- 
puscles. When observed in this way, these organs have very much the charac- 
ter of secerning follicles, but what function they reallj subserve is difficult to 
determine; it may be that they have something to do with the growth and 
reparation of the shell, thonj^ it is not easy to understand how. They are 
probably, as suggested by Prof. Huxley, the homological representations of the 
vascular processes that penetrate the test of th4 Ascidian; and if so, it would 
seem likelj that they have lost much of their functional importance; and, in 
fact, their entire absence in forms closely allied to those in which they are 
highly developed, augnis that they are not of high fhnctional importance." 
Albany Hancock, on the organization of the Brachiopoda. Trans. Phil. Soc., 
London, Vol. 148, p. 887. 

See also Profl W. King, on the Histology of the test of class Palliobranchiata. 
Trana. Royal Irish Acad., Vol. xziv, part xi, 1869. In some observations on 
the early stages of Terebratnlina, I found the tubules in the very youngest 
stages of the shell.* 

Clapar^de states that only worms with a thickened integument have 
those peculiar canals, and not even all these, and accordingly we 
find in Brachiopods, as worms with a thickened and indurated 
integument, that while many possess these canalicular tubes, in 
others they are quite absent. 

iProc. Royal Soc. London, Vol. vii., p. 82. 
> Meoioirs, Boston Soc. Kat. Hist., Vol. n. 
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It seems then reasonable to belieye that some sort of relation exists 
between this marked feature of the Brachiopod test, and similar 
features in the worms and Crustacea. In^the Brachiopods these 
tnbules maj have undergone some functional change, but until other- 
wise proved, they must be regarded as a distinct vermian character. 

In a large sipunculoid worm from Panama, kindly loaned me by 
Prof. YerriU, the inner lining membrane sends minute coecal pro* 
cesses into the integument, which is much thickened. There la 
possibly here some relationship. 

We also find in the Annelida mucous pores. This character 
must be common to all those animals secreting mucus fix)m the 
surface, whether MoUusk, or Annelid; and as the peduncle of Lingula 
is glairy with mucus, we should naturally expect to find them 
present. This I easily succeeded in doing in living langulfls, using a 
^ inch objective of Powell and Leland. They were very minute, 
and closely crowded together. Their presence has never before been 
observed. The test of Lingula was also very glairy, but whether the 
mucus, which appeared to cover it, was exuded firom the test, I 
could not determine. 



Iig.9. 




CkUom tfkmhiiu Gray. 

A, lide view of Chiton, maff- 
nifled. B. lide view of one 
toft of bristles in the girdle. 
a a tnn of bristles largely 
maniifled. a. line of girdle. 
b. base of tnft. 



Seta. 

In Mollusks, locomotion is effected 
mainly by a special organ, the creeping 
disk or ''foot" There is never secreted 
hairs, spines or setas. 

In the embryo of some LameUibranchiates, 
there ia said to occm' two or three little spinea, 
which are arranged along the ventral median 
Une. 

In some species of Chitons, tufts of stiff 
spines issniug from the girdle have long been 
known. 

Whether these spines are homologically re- 
lated to the sets of worms, renudns to be 
seen. From a cursory examination of them, 
they appear to be modifications of the minute 
pavement-like granules that occur in the gir- 
dle of many Chitons. 

In ChiUm ^ietJoiui Gray, (alcoholic) from 
Gaudaloupe, kindly loaned me for examin»- 
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tion by Mr. Bland^the taftB of spines readily separated ftom the girdle; the 
whole tuft is closely united together, and seems to be almost entirely snper- 
ficial. The following figores represent an oatline of the 
species, with a tuft separated and enlarged as well as a 
single toft, as it appears upon the girdle, showing as 
well the minute sphies which project from the exterior 
border of the girdle. The bases of the spines in the tuft 
are abruptly truncated. 

A section of the girdle of Amicula Emermm shows 
the shorter granules, which are but slightly embedded, 
as well as the longer spines, which are more deeply 
seated, and one spine intermediate between the long and 
short ones, which is again only partially embedded. 
These all arise fixnn the homogeneous cartilagineous 
portion of the girdle, and do not reach to the muscular 
layer beneath, from which they are entirely separate. 
They are therefore probably immovable, save what mo- 
bility attends the folding of the girdle. 

JmietUa EmenomU 




a. oartHaginona 
layer, b. mas> 
eiuar layer. 

Clapar&de says, in 



In worms, there is found, as characteristio 
y£ the higher as well as many of the lower 
groups, the production of setas, or bristles, 
which perform important service in locomotion, 
regard to the setas of worms, that " some authors regard them as en- 
closed in a sac, which is only an invagination of the integument; 
others think they are formed in an internal follicle, and only seconda- 
rily arise to the surface. This second opinion only is correct. In 
certain cases (in Hesione and others, for example), the whole bundle 
issues in a compact form through a single pedal aperture, but in 
others, the seta has its own orifice; this is the case especially with 
the flabelliform bundles. The pore from which each seta issues is 
not previously formed, but is perforated hy the seta itself." * Mr. 
Lancaster regards the setss in the earth worm as secretions of the 
8<M^ed setigerous gland. 

The arrangement of these setss in worms is usually upon the sides, 
in two series, above and below.^ They are moved by muscles, and 
not only have the power of protrosiony but freely swing back and 
fijrth. 

A marked feature of the Brachiopods is the peculiar setss frmging 

> In Bwtlnarla, a tnuurerse row of long ones project forward from the head. In 
Steraaspis, nine bnnches project from the borders of each seatom behind. 

> See transUttion of introdootion to ClaparMe's paper, Ann. liag. Kat. Hist, 8d 
Series, Vol. zx., p. 8M. 
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the borders of the extended membranes. (See Plate I.) As in worms, 
tbey are arranged upon the sides and front, in two series, above 
and below. (See Fig. 7, and compare with Fig. 1) and are also 
secreted hy regular follicles, each seta protruding from the follicle 
singly, or, in some cases, two or three sets issuing from the same 
orifice. In the fixed Brachiopoda, they have only a limited power 
of motion. In these forms they are very short in the adult, but 
very long in the young, even much larger than the animal, as I 
have repeatedly observed in young Terebratulina, Bhynchonella, and 
Discina; in the latter genus, even exceeding the length of the 
animal three or four times. In the errantian Brachiopoda, as in Lin- 
gtda pyramidata, the setigerous follicles are entangled in a mesh of 
muscular fibres, and locomotion is efifected chiefly by them; the 
set4B swinging freely back and forth, the dorsal plate oscillating fix>m 
side to side, as first noticed long ago in another species of Lingola, 
by Carl Semper. 

In Discina, the seta are very long, ' and crowded together. 
According to Fritz Miiller, in the early stages of a species of Discina, 
from the east coast of Brazil, the animal not only has the power 
of swimming, but uses the larger pair of sets thrust out behind, to 
push itself along. He says these bristles have great freedom of 
motion, sometimes thrust out horizontally, and again crossed to oppos- 
ite sides.^ 

In the Annelid Arenicola, the first few anterior segments are seti- 
gerous only. They bury themselves in the sand, forming a sand 
tube, loose and not adhering, a tube which leaves room for the ram- 
ified branchia to display, and the setie, by arching over the bran- 
chia, protect them, and prevent the sand in which they are buried, 
from falling in upon the gills. 

LinguUi pyranddata also protects the gills in the same way, as 
I have repeatedly observed in specimens kept in confinement 
When buried in the sand, the dorsal and ventral shells considerably 
separated, the sets are brought together in such a position that their 
extremities meet, and the sand is thus kept back while the water 
freely enters. 

In worms the setsB are often of various kinds in the same individ- 
ual A similar diversity is seen in the bristles of Di{»cina. The 
setSD of the embryo worm are peculiar in being very long, strongly 

* Bdehert and Da Bois-Bqrmond's Arehiv, 1860, p. 72. 
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barbed, and deoidaons. In the joxmg of all Bracbiopods thas ftr 
observed, the setae are also ver^ long, as above remarked. And Fritz 
Miiller has shown that in the 
embiyo of Disoina there are fig. 12. 

also remarkably barbed setas 
of great length, which are 
aftenoard discarded. Alex. 
Agassis has also called atten- 
tion to the fiict, that in Pal- 
eozoic worms the sets were 
barbed. 



Tvbe Building. 
The fabricating of 






^~— — B -"• sand 

»v .^ -.^ 1» tubes -for the protection of 

Deoidaons seta of '^ 



Diaeina. 



Deddnoiu seta of 
huTEl Discixuiffrom 

Frits Miiller. 



larrol worm, ^eHne the body is not a charac- 
«foj«««/«..fromCl*. ^j^^ ^^^^^ ^^ MoUusks. 

Lima boilds a peculiar **nest^ 
in attaching pebbles and fragments of shells together by byssal 
threads, and imprisoning itself in that way. Gastrochcena also forms 
a flasked-shape cavity, in which it lives, and from which it has no 
means of withdrawing. These features in MoUusks may be said to 
bear only a remote resemblance to the tube building of worms. 

In worms, the building of tubes is a prominent feature of several 
groups, from the lowest to the highest 

Certain Rotifers, after attachment by their caudal portion, fabricate 
a sand tube into which they retract. (See Fig. 5.) 

Many sipunculoid worms occupy the dead shells of Dentalium, 
Littorina and other shells, and partially close the aperture, and even 
extend it by a mud tube of sonsiderable density. 

Of great importance, however, in these comparisons, is the fact 
that those worms, which are edentulous, which have the body 
divided into two regions — the thoracic and caudal, and which have 
a bi-lobed lophophore, the two arms often appearing spirally twisted, 
surrounding the mouth, and supporting ciliated ciiri, are all 
famous tube builders. Sometimes the case is gelatinous or chitinous, 
often the tube is calcareous, deposited in successive lines of growth, 
and resembling the shell of the Gasteropod ; but more frequently 
the tube is made of fine sand, mud, bits of shell, and coarser debris 
that the builder meets with. When Terebella u kept in confine- 
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ment in a bowl or disb, it coTers the bottom of the Tessel with an 
irregular sand tube. When I first found Lingida pyramidata buried 
in the sand shoals of Beaufort Harbor, North Carolina, I was sur- 
prised to find them living firee in the sand, and not attached hj their 
peduncle as I had supposed. My astonishment was greater to find 
that the peduncle was sheathed in a sand tube. When this tube was 
broken or removed firom the peduncle, they promptly formed another 
one. The shell, nearly to the anterior mar^n, would often be enclosed 
in this sand case. When the peduncle was broken off, a bulb of sand 
would soon be agglutinated to protect the broken end, and not only 
sand was used, but bits of seaweed ; and in one case a little stick was 
incorporated in this structure. 

I brought home with me to Salem, Mass., a number of living speci- 
mens, and these were kept alive in large bowls, fix)m June till Octo* 
ber, by imitating as fisur as possible their natural surroundings. They 
would often protrude above the snvface of the sand, and instantly 
jerk back when alarmed. 

On emptying the sand from the bowl one day, great was my sur- 
prise to find that all of the Lingulas had covered the bottom of the 
bowl with large irregular sand tubes, cemented to the sides and bot- 
tom of the dish, the tubes running over each other, and presenting 
precisely the appearance as that produced by Terebella and allied 
forms when kept in dishes in this way. (See Plate I., Fig. 7.) 

In this place it is proper to state that the peduncle of Lingula is 
highly mobile. When removed fix)m the sand it twists and turns in 
all torts of worm-like contortions, and in Plate I., accompanying this 
paper, some actual sketches are given of different individuals, show- 
ing the various contortions of the peduncle, as well as the character 
of the sand tubes. Fig. 6 shows a portion of the peduncle of Lingtda 
pyramidata, drawn fix^m life, showing its annulated character. The 
direction of the corpusculated fluid circulating through the central 
cavity is indicated by the arrows. 

Muscular System. 

In respect to the muscles of the integument, the Brachiopods bear 
the closest resemblance to the worms. 

In worms, the muscles of the integument are arranged in two 
layers, transverse and longitudinal, producing a reticulated appear- 
ance. The same arrangement is distinctly seen in the perivisconl 
walls of Discina and Lingula, as well as in the peduncle of the 
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latter. In the early stages of Discina, the reticulated appearance 
produced by the two layers of muscles is particularly noticeable. 

The presence of a ponderous dorsal and yentral plate, so peculiar 
to many Brachiopods, accounts for the extraordinary muscular 
apparatus to control their movements, as well as to move the body 
upon the peduncle, in those forms that are attached. This muscular 
apparatus is unlike anything we find in the worms, though the power- 
ful retractors of many sipunculoid worms, with their broad expanded 
bases, recall similar features in certain muscles of the Brach- 
iopods. The massive character of the muscles is more like the 
Lamellibranchiates, save that in the latter the muscles are transverse, 
and their only function seem to be to close the shell, their relaxation 
allowing the elastic ligament within or without the shell to force or 
pull the shells open, as the case may be. In the Brachiopods no such 
ligaments are seen, the dorsal and ventral plates being opened, as 
well as closed, by special muscles. In one group of Brachiopods the 
plates interlock at their posterior margins, and are restricted to 
opening and closing in a vertical line. In Discina and Lingula the 
plates do not interlock, and their posterior margins are free, the dor« 
sal one lapping some way over the peduncle; it can therefore swing 
freely back and forth, or oscillate from side to side, as observed by 
Carl Semper in X. ano/tiuz, and by myself in L.pyramidatOjiaits 
ftcts of crawling, or burying itself in the sand. (See Plate I., with 
references.) 

Perwigceral Cavity and Circvktory System. 

In the higher worms, the perivisceral cavity is lined by a delicate 
membrane noticed by Rathke, Quatrefages, Clapar^e, and others. 
Delle Chiaje designated it the tunica peritoneale. 

In some worms having a rudimentary vascular system, according 
to Clapar^de, this membrane is ciliated, and prompts the circulation 
of the perivisceral fluid. This fluid in worms appears to be corpuscu- 
lated and nutritive blood. Most worms appear to possess an exten- 
sive vascular system which contains a colored, but not a corpusculated 
fluid ; this is the pseudo-hemal system of authors. 

In Brachiopods, also, the perivisceral cavity is lined by a delicate 
membrane, which in Terebratulina and Bhynchonella is strongly 
ciliated, as I have plainly observed in living individuals. 
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In Lingula this membrane appears to extend into the paSial 
sinuses, as is probably the case with other Brachiopods. At all 
events, the circulation in Lingula is induced by ciliary action, as can 
be plainly seen through the transparent shell of Lrn^xda pyramtdata^ 
and this fluid is that of the periyisceral cavity, and is corpusculated. 

Carl Semper,^ in his studies of Lingvla anatina, 'says, that in that 
species there is no heart proper, and that the blood is propelled 
through the vessels by vibratile cilia. As early as the year 1862, he 
gave particulars, and has repeatedly insisted upon this anomalous 
state of things. 

To John B. Macdonald, however, belongs the credit of first calling 
attention to these peculiarities in Lingula. 

In the year 1861, Mr. Macdonald' announced the discovery *< of a 
determinate circulation of spherical and violet-tinted corpuscles in all 
the ramifications of the pallial sinuses, not dependent on the contrac- 
tions of a pallial cavity, but upon the undulations of a ciliary lining." 

The vascular system described by Hancock, with a vessel upon the 
dorsal surface of the intestine, I have never succeeded in studying 
satisfactorily. In LingtUa pyramidata I have not been able to find 
the vescicle upon the back of the intestine, but the vessel I have 
clearly made out. In Discina I have made out the vescicle. This dif- 
ficulty of finding a heart has been shared by others. Carl Semper 
could not find it, and Dr. Lancaster in the February number of the 
Annals and Magazine of Natural History for 1873, p. 93, says in regard 
to Terebratula tntrea : " I entirely failed to convince myself that the 
organ regarded by Mr. Hancock as a heart really has the fiinction 
of one in T. viirea. I repeatedly opened firesh specimens with 
rapidity, in order to witness its contractions, if any, but never saw 
such contractions ; nor could I find vessels in connection with it, 
nor evidence that it had muscular walls. Dr. Erohn, of Bonn, had 
equally been unable to obtain evidence that this curious little dila- 
tation has the function of a heart."* From injected specimens of 
Lingula, and fix)m observations on living Terebratulina and Bhyncho- 

1 Zeitsohr. fUr Wlnensoh. ZoSl., xiv., p. 424. 

> On the Physiology of the Pallial Sinnaei of the Braohiopoda. Traiu. Lionean 
8oo. xxiii.,p. 878, plate XXXV. 

• In a late study of living Terebratulina I observed a distinct oircnlatlon going 
on in the sinoses of the pallial membrane, bat whether these eurentg were indooed 
by oiliary action I filled to make out. The fkct, however, that the delicate men* 
branes in the perivisceral cavity are clothed with cilia, I clearly established. 
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Delia, the various membranes, called by Huxley and Hancock the 
gastro-parietal, ileo-parietal, and lateral parietal bands, are found to be 
vascular, and the circulation taking place within these membranes 
may be looked upon as representing the pseudo-h»mal system of 
authors. 

These membranes intimately invest the oviducts, and in Rhyncho- 
nella the circulation of this system can be seen following the spaces 
between this membrane and the outer walls of the oviduct. 

The red corpuscles in Lingula occur in the perivisceral fluid. 
Other bodies of a fusiform shape, some elongated and others nearly 
round, are also met in the perivisceral fluid. These are amoeboid in 
their appearance, and may be seen bending and turning as they 
course through the more delicate ramifications in the palllal membrane. 

All these features I hope to figure in my memoir, now in prepara- 
tion, on Lingula. The colored coq)uscles are similar to those which 
occur in the perivisceral fluid of the Sipunculoid worms,, as well as in 
Glycera, and other worms, noticed by Clapar^de. 

According to Lacaze-Duthiers, the two systems of circulation are 
remarkably distinct in Bonellia and Sipunculoid worms, and he 
queries whether the Brachiopods do not possess Ihe same two systems, 
Clapar^de says : "^ L'immense majority des Ann^lides ne pr^sente pas 
de mouvement ciliare dans la cavity p^rivisc^rale, sauf & I'entr^e des 
organes segmentaires. Je ne connais, pour ma part, le votement 
ciliare p^visc^ral que dans les groupes suivants: chez tons les Apro- 
ditiens, chez tons les Glyc^riens, chez tons les Polycirrides, chez les 
Tomoptdridiens, et enfin chez une petite T^r^belle assez anormale 
{TerehcUa vestita). Chose frappante, toutes ces Ann^lides, & V ex- 
ception de la petite T^r^belle et de VAphrodiia <iculeata, sont com- 
pl^tement ddpourvues de vaisseaux. Or, de ces deux exceptions. 
Tune, TAprodite, est un animal k syst&me vasculalre dans tons les 
cas rudimentaire, appartenant k une famille d' ailleurs toute anan- 
gienne, Tautre, la Ter^belle, appartient k une famille en gdn^ral vas- 
culaire, mais dont une tribu cependant, celle des Polycirrides, est 
anangienne. Jc dois, en pr^ence de ces faits, regarder lo mouve- 
ment ciliare perivisceral comme une fonction vicariante de la circula- 
tion, chez les Ann^lides depourvues de syst^me circulatoire propre- 
mentdit."! 

1 Mtei. de 1« Soo. de Phj. et Hist. Nat. do Genive. Tome xix., 3d part, p. 829; 

PBOCEEDHraS B. 8. K. H. — VOL. XV. 22 SEPTEMB1EB, 1873;. 
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In the Brachiopods, therefore, particiihirlj in Lingida, where the 
Tasctdar Bystem appears to be quite nidimentazy, the presence of a 
ciliated perivisceral coat is to be expected. 

It must be confessed that much work has yet to be done in clearing 
up the obscurity which still exists in regard to the circulatory system 
of the Brachiopods. What little is known about it, however, points 
to vermian affinities. 

Digestive System. 

In worms, the digestive tract usually takes a direct antero-posterior 
course without convolutions. There are, however, marked exceptions 
to this rule. 

In the Sipunculoid worms, the intestine is not only convoluted, but 
in many of them the anus terminates in front. In a curious worm, 
described and figured by Fhilippi,^ under the name of Haementeria, 
an anterior vent is described. 

In those remarkable worms, Phoronis and Crepina, whose external 
outlines in every particular so closely resemble the Hippocrepian 
Polyzoa,^ the anus terminates in close proximity to the mouth. 

In the Acanthocephali, the digestive tract is said to open into the 
general cavity of the body in some, while in others it ends in a ccecal 
sac. 

In Temnocephala,* a Trematode worm, the c<Ecal processes 
from the stomach are much like those in young Brachiopods. 

Among the Rotifera, in some groups the female has the cesophagus 
terminating in a ccecal stomach. The anus, when present, terminates 
anterior to the caudal portion. The Turbellarians are also devoid 
of an anus. 

The anomalous features here presented by some worms, in 'the 
absence of an anus, or the possession of a ccecal stomach, and the 
anterior termination of the anus, are fully repeated in the Brachio- 
poda. In one entire division of the Brachiopoda, represented by 
Terebratula, the stomach terminates in a ccecal sac. Li Terebrata- 
lina the alimentary tract is closed posteriorly. Nor has the slightest 

1 Aoad. delle Soi. di Torino, series ii, torn. x. 

* In Fhoronis the OTiducts with bilateral openings also terminate in firont Its 
biiobed lophophore, reddish circulating fluid and embryonic stages all resemble the 
Brachiopoda. In Oust, Phoronis represents an important oonneoting linlc between 
the Polysoa and the worms. 

• Zeitschrift fOr Wiss. Zodl., Vol. xx, p. 807. 
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trace of an anus lias been detected in Thecidinm, Waldheimia, Rbynch* 
onella, and several other genera that have been examined. In the 
Tery early stages of Terebratulina, I have seen the rejectamenta es- 
cape fix>m the mouth, and in no case has the appearance of an anal 
perforation been discovered. In TerebratoUna, the alimentary tract 
pursues a direct antero-posterior course without convolutions, while in 
Lingula and Discina the anus terminates anteriorly on the right side. 
In Lingula, the intestine makes a few turns, while in Discina it makes 
a single turn to the right. 

In many worms, diverticular channels often spring from the lateral 
walls of the intestine. In certain worms the liver appears as pro- 
trusions of the alimentary canal. 

In Brachiopods the liver is composed of masses of c<scal ramifica- 
tions which in young Terebratulina, Rhynchonella and Discina, com- 
mence as simple diverticular channels of the stomach. 

In Lingula pyrcanidaia^ an examination of these cceca to their 
extremities revealed the presence of diatoms and other food, showing 
that the contents of the stomach enters these diverticular processes, 
and that the process of digestion is carried on in these parts, as in 
the lower worms. -The fact that in young Bhynchonella, a distinct 
peristaltic action is seen going on in the hepatic coeca strengthens 
this supposition. While the brown hepatic lines are arranged par- 
allel to the longer axis in the cceca in Terebratulina, in Rhjmchonella 
they are curiously arranged in a spiral manner. 

In the higher worms, the intestine is freely suspended in the peri- 
visceral cavity, and held there by delicate membranes which spring 
from the parietes of the body. (See Fig. 1.) 

In Brachiopods, the intestine is likewise suspended freely in the 
perivisceral cavity by delicate membranes which, spring from the 
parietes of the body. These membranes were called by Huxley, the 
gastro-parietal, ileo-parietal, and lateral parietal bands. (See Fig. 7.) 

Cephalic Region* 
In many of the tubicolous Chcetopods, as well as in Fhoronis, the 
head ia furnished with a tufl'of ciliated cirri. Sometimes these 
appear to surround the mouth in a single circle, as in the marine 
Polyzoa, and in certain fluviatile forms. In others, they spring from 
arms, spreading like two fans in some, while in others, each arm 
is developed into a closely wound spiral of several turns. These 
spring from what has been called a cartilaginous base, in Protula 
media Stimpson, each arm makes a single graceful turn. The qrri 
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fringing from these armB, are often hi^y and beantiftilly colored, 
Bometimes each cirrus is banded with brown. 

In those witL a closely wound spiral arm, as in Amphiirite ventri- 
labruniy the outer mai^n of the arm at the base of the cirri, is 
bordered by a delicate membranous frill, possibly corresponding with 
the calyx in Polyzoa, but precisely identical with the brachial fold in 
the arms of the Brachiopoda, as will be seen by reference to the sec- 
tions to be presently given. 

In the Brachiopods, the two arms springing from the head are to 
be directly compared to similar parts just described in the worms. 
They also spring from a cartilaginous base, and sustain ciliated 
cirri, and in Lingula, Discina and Rhynchonella, tliey are developed 
in a closely woimd spiral, as in Amphitrite. Furthermore in Bhyn- 
choneDa, they can be unwound and protruded from the pallial cavity 
as I had the good fortune to observe in living Rhynchonella from the 
St. Lawrence.^ (By instantly dashing the strongest alcohol upon the 
specimen, I was enabled to preserve it with the arms extended.) 
In Lingula the arms can be partially unwound, and what is very 
significant, the cirri in Lingula pyranUdcUa are banded with light 
brown, as in certain species of SabeUa. 

The cirri in Brachiopods 
Fig. 18. Big. 14. show a Ripid circulation 

through their transparent 
walls. They are employed 
to secure particles of food, 
which they convey to the 
mouth, and in every respect 
they are strictly identical 
with similar oi^gans in the 
Annelids. A transverse sec- 
tion of the right arm of ^m- 
phitrite verUrUabruniy Fig. 18, 
and of the right arm of Lin- 
gula pyrqmidataj Fig. 14, is 
here presented. These sec- 
tions are, in each case, taken 
midway between the base and 
extremity of the arm. They much more closely resemble each other, 
than corresponding sections of two Brachiopods resemble each other. 

1 Am. Journ. Science and Arts, Tol. iv, Oct 1872. Otto Frederic M&ller, m* 
cording to Von Bnch, also saw Rhynchonella graoeiUly nnooll its arms. 




Transverse section 
of arm ot AmpH' 
trite vetUrilalmtm, 



Transverse section 
of arm of Lingula 
pyramidata. 



ei. cirri. 2^. brachial fold. t. sinas» 
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In Lingnla the brachiiil sinus is quite large, wliile in Ampbitrite, 
it is smaller. The brachial fold in the former is wider. The differ- 
ences between the two, however, are differences of porportion of parts 
simply. In certain Polyzoa, just as in that curious worm, Phoronis, 
the cirri spring from a horse-shoe-shaped lophophore, hence they are 
called hippocrepian Polyzoa. In the early stages of Terebratnlina, 
I have shown that at first the lophophore is circular, as in the lower 
Polyzoa, and afterwards the hippocrepian character reveals itself.^ 
It was important to leam whedier the month opened between the 

Fig. 15. ^ H 



Losfitadinal notion of interior portion of Llnfnla. 

J1ff.]i. 



Longitadlnml Beotion of anterior portion of AtqthUrite veiUriUbrym, 

m. month. <b. <B8ophagnt. tt. ■tomAoh. a. trm. ei, drri. lif. bnohlml fold. 
eb. eartllaglnoni base of arm. t. dnns leading to arm. c. c. oephallo collar or 
pallial membrane. 

1 Morse. Earlj Stagei of Terebratollnar Mem. B. 8. N. H., Yol. 1. These obser- 
fatlons have since been oonfliteed bj Dr. E. Say Lankester In AnnalB Mag. Nat. 
Hist, Febmarj, 1878, on the joong of Tenbraiula vUna, 
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outer and inner folds of the arms, in those worms possessing tbese 
appendages, as in the Polyzoa, Fhoronis, and the Brachiopods. I 
sought in vain the works of Clapar^de, Quatrefages and others, for 
a figure of a longitudinal section through the mouth of some worm of 
this character. Mr. Alex. Agassiz kindly gave me a large specimen 
of the AmphitrUe ventrilabrum, from the Bay of Naples, and I made 
a careful longitudinal section through the head (Fig. 16). The right 
arm was developed in a closely wound spiral of several turns, and 
greatly exceeded the length of the lefl one. I have shown the latter, 
however, as it presents a clearer view of the twist and character of 
the arm, as well as the crenulated membrane, or brachial fold which 
borders the base of the cirri. In this section, as well as in the 
accompanying one of LingtUa pyramidata^ the cirri are partially 
removed, as they form a confused tangle, and thus obscure the parts 
that are desired to be shown. 

The mouth is bordered by two membranous lips, which in the 
Brachiopods are highly sensitive and movable in all those thus far 
examined. The mouth in Amphitrite, as well as in other worms of 
that nature, is placed in the same relation with the head, and points 
downwaid, as in the Brachiopoda. The almost membranous shells 
have been removed, and the dorsal pallial membrane is turned back, 
to correspond in position with the dorsal cephalic collar in Amphi* 

trite, which is normally 
^•". Fig. 18. turned back, as in Sa- 

bella and Serpula. In 
other respects the sec- 
tions are correct draw- 
ings of their leading 
features, and are in no 
way modified to resem- 
H««lofDI»ta... He^lofSaWl.. Ue e«J. other. I hate 

lettered the parts alike, and their almost absolute identity may be 
readily seen without further comments. -The relations insisted upon 
as existing between the cephalic collar of the Annelids possessing 
it, and the pallial membranes of the Brachiopods, are well shown in 
these sections. Even the relative position of the base of the dorsal 
cephalic collar in the worm, corresponds to the same parts in Lingula 
and Disci na, the dorsal one springing firom the head in advance of 
the ventral one. See also Fig. 8, p. 14. 
Figures are here given of a young Discina, Fig. 17, and of a 
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Sabella, Fig. 18, to show the similarity of the cephalic arms in the 
two. In one the portions are concentrated, while in the other they 
are drawn oat. 

Dr. £. Bay Lankester,^ in an exceedingly interesting sketcb of Terebraitila 
vUreaj compares its arms and cirri, to the gills of a Lamellibranchlate. In 
this comparison he is certainly wrong, for the gilla of the Lnmellibranch de- 
velop upon the sides, and in Sphssrinm and other genera, towards the posterior 
ood; while the cirri, with the arms sustaining them in the Brachiopods, are 
strictly cephalic Had he compared the anns of the Braehtopod with the mem- 
branous palpi of the LameUibranch, he would have come nearer the true affin- 
ities, for these form folds above and below the mouth, are united partially on 
their inner margins as I liave observed in Unio and other genera, and in some 
species are very long. 

Renal Organs. 

Clapar&de has noticed that in the segmental organs of many worms 
a portion of the tube is glandular, and he has reason to suppose that 
the glandular portion represents the renal organ. Whether Clapa- 
r&de is right in his conjectures or not, it is interesting to recall the 
fact that years previous to this statement, Huxley suggested that the 
glandular portion so very conspicuous in the oviducts of Brachiopods 
was of a renal nature.^ 

The slightest examination of the oviducts of Brachiopoda shows 
the tubular portion not only glandular, but colored, as in the oviducts 
of worms. Tliis portion is also intimately connected with the vascu- 
lar system, and whether renal in its nature or not, the closest similar- 
ity exists between these portions and similar parts in the segmental 
organs of Annelids. 

Nervous System, 

The general p]an of the nerve system in the Vermes appears to be 
that of a nerve collar surrounding the ossophagus, sending off a ven- 
tral cord in a median line of the body. In the lowest worms there 
seems to be simple cephalic ganglia without the ventral cord. In 
Sipunculoid worms a single cord running along the ventral portion of 
the body sends off delicate^ threads at right angles to it. In the 
higher worms the ventral cord is longitudinally divided into two 
symmetrical halves. In some worms there appears only a slight space 

1 Annals and Mag. of Nat. Hist. YoL xi. Fourth Series, No. 02, p. 98. 
> Hancock, ibid., p. 822. 
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fleparatmg the two halves ; in others the ventral cord is distinctly 
separated, but united at each segment hy transverse threads, as in 
Sabella, or its two halves may be united by ganglionic enlargements, 
which sometimes correspond to the number of segments. In the 
Hirudinse the ventral ganglia are fewer in number than the seg- 
ments. In Aphrodite and Polynoe, according to Grube, there are 
more ventral ganglia than segments. 

It was at one time believed to be typical of the Articnlata that 
each segment was characterized by a ganglionic enlargement of 
the ventral cord, and it was supposed to be particularly so with the 
higher Annelids. Olaparbde calls attention to the fact that this is 
not so in all cases, and especially in relation to the cephalic and thoracic 
ganglia, * 

In the Nemerteans the ventral cord is widely separated, and nzns 
along each side of the body, and without ganglionic enlargements. 
There appears to be, therefore, various conditions of the nervous sys- 
tem, in which there is in some a simple oesophageal collar ; in others, 
a ventral nerve cord, which may be single, or divided into two lateral 
halves, sometimes widely separated, sometimes nearly approximating, 
with, or without, ganglionic enlargements or threads connecting them. 
In some worms accessory pedal ganglia are found. 

In the Brachiopoda we have two lateral ventral cords, widely 
separated, and connected at the oesophagus by ganglionic enUuge- 
ments, which send off threads to the pallial membranes, and to the 
various muscles. 

In Lingula these lateral threads seem to be double, connected by 
commissures. In Discina, whose nervous system I have more espec- 
ally studied, the nerve cords are bilaterally symmetrical, and widely 
divaricating. There are no ganglionic enlargements during their 
course to the posterior end of the body, but in their track sending 
oflf delicate threads, which in Lingula blend with their muscular 
fibres, or pass round the muscles blending with their exterior fibres. 
In Discina these lateral nerve cords terminate by ganglionic enlarge- 
ments in the last two posterior muscles. These nerve cords were 
correctly interpreted by Cuvier and Owen though mistaken for arte- 
ries by Hancock. This error was corrected by Dr. Gratiolet, in his 
study of Lingula hians]^ and while studying Discina, before be* 
coming aware of Gradolet's researches, I found these supposed 

ijonr.deOonoliyliogie. 2Serla. Vol. rv, p. 108. 
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arteries to be nerve cords, and traced them to tbeir posterior gang- 
lionic enlargements. 

Respiratory Apparatus, 

The pallial membrane in the Brachiopoda sustains the principal 
respiratory apparatus. It is in this membrane that the larger vessels 
occur, and as I shall show in my memoir on Lingula, the pallial 
membrane is divided into oblique transverse sinuses, which run par- 
allel to each other. From these arise numerous flattened ampullie, 
which are highly contractile. 

The circulating fluid courses in regular order up and down these 
sinuses, entering each of the ampullie in turn. 

Yogt and Owen were quite right in their determinations of these 
organs. They represent the branchiae of Lingula; but from the con- 
tractile nature of the ampullss, and their almost certain contraction 
in alcohol, they have escaped the notice of others who have studied 
specimens in which the ampullie were inconspicuous. 

Thus Hancock was unable to find them in the two species of Lin- 
gula, studied by him, and says, " The bladder-shaped enlargements 
of the lateral pallial sinuses, alluded to by Dr. Yogt, are nothing more 
than swellings occasioned by the contraction of the pallial, or mar- 
ginal fold, which, pressing upon the extremities of the sinuses, throw 
their walls into wrinkles, and hence their peculiar appearance." ^ 

These ampullie are very conspicuous in living Lingular. On one 
side of the dorsal pallial membrane in an ordinary specimen there are 
twelve sinuses, having in the aggregate eighty-five ampullae, number- 
ing from five to eleven in each sinus. In life they form very interest- 
ing objects. They project, or hang firom the walls of the pallia] 
membrane, like teats. Their walls are perfectly transparent, and 
the circulating fluid can be seen rapidly coursing into, and out of each 
one in turn. 

The following figure (Fig. 19) shows ^e- W- 

a row of five ampull|9 drawn from life, 
within which the blood corpuscles can 
be seen circulating. 

Clapar^de says that in the normal ^i>*^n^ 

branchia of an Annelid there cannot 

be any mixture of arterial and venous blood. The artery trav- 
elling as far as the end of the branchia, where it returns as a 

1 Hiaoook, TraaB. Boyal Soo. Vol. czlviii, p. 862. 
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vein. He says, " Veiae et art^ sont exactement parall^les Tone k 
I'autre. Dans toute la longueur de la branchie, ces deux yaisseauz 
sont mis en communicateur par une double s^rie d'anses yasculaires 
qui passent dans la couche sous-cuticulaire et qui subissent avec la 
plus grande facility Taction de I'eau chargde d'oxyg^ne k trayers la 
cuticule tres-amincie.' ^ 

He denies, however, the independent contraction of the ampnllflB, 
but says there is a rhythmical contraction of the whole branchia, 
QuatrefageSf to the contrary, notwithstanding. 

In the family Serpulse, Clapar^de finds features remotely resembling 
the description of Quatrefages, where in these Annelids *' I'art^re se 
continue directement dans la veine k la base des branchies, et de leur 
point de reunion part un vaisseau unique qui p^n^tre dans chaque 
rameau branchie.'' In Discina I have not been able to discover the 
slightest trace of these ampullae, though the pallial sinuses are very 
prominent; and the central partial partition of ciliated epithelium 
which induces the flow of the circulating fluid in these parts, are as 
distinctly marked in Discina as in Lingula. In the other Brachio- 
pods the prominence of the pallial sinuses, with their diaphanous 
walls, must be regarded as a respiratory organ. In all the Brachio- 
poda the cirri of the arms must also share with the pallial membranes 
in this function. 

Oenital Organs, 

Under this head we study the ovaries, oviducts, or segmental 
organs, and spermaries. In the Annelida, according to Claparede, 
the sexual elements, in course of growth, form rufls all around the 
vascular axes. 

In all cases the ova, when arrived at maturity, detach themselves 
from the ovary to float freely in the perivisceral cavity, where they 
are afterwards gathered up by the ciliated mouths of the segmental 
organs, and discharged by them. 

This is precisely the case in the Brachiopoda. In Discina the bor- 
ders of the delicate vascular membranes are thrown into conspicuous 
rufis by the development of the ova. In Lingula the ovaries are 
intimately bound to the same membranes. In Terebratulina and 
Rliynchonella they not only gather about the large vascular sinuses in 
the pallial membranes, but hang in clusters from the genital bands 

^ Soo. de Fhy. et d'Hist. KtA, de Genive. Tome zix, Sd pMt, p. 88L 
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in the perivisceral cavity. In all these cases the eggs are discharged 
freely into this cavity, and there float in the perivisceral fluid until 
they are discharged from the body. 

If we now consider the ducts by which these products in the 
Brachiopoda find egress from the body, we shall find a startling iden- 
tity of structure with similar parts in the Annelida. 

In all worms, with few exceptions, these ducts assume the shape of 
tubes, bilaterally disposed, suspended in the perivisceral cavity by 
delicate membranes, and communicating with this cavity by flaring 
orifices, which are strongly ciliated, as well as the tubes them- 
selves, to their external orifices; the ciliary action always directing 
the currents out of the body. These are the segmental organs, or 
oviducts. 

According to Clapar^de, the segmental organs in the Annelida 
present only very simple modifications of a very constant type. In a 
large number of worms, these segmental organs are repeated many 
times, a few of them only modified as oviducts. In other worms they 
are reduced in number; in Branchiobdella, according to Domer, to 
two pair; in Terebella parvula to three pair, as Dr. Williams states. 
In Protula,^ Spirorbis, Sabella, and allied forms, a single pair of seg- 
mental organs, modified, as tubiparous glands are found in the anterior 
part of the thorax. 

In Fhoronis the ovarian openings are reduced to a single pair, and 
these open at the extreme anterior surface of the body between the 
arms, from which the eggs escape after having been discharged from 
the ovary into the perivisceral cavity. In the Brachiopoda the ducts, 
by which the generative products find egress firom the body must be 
described in precisely the same terms as those used in describing the 
segmental organs of the Annelids. The ducts assuming the shape of 
tubes, bilaterally disposed, suspended freely in the perivisceral cavity 
by delicate membranes, and communicating with this cavity by flar- 

i The tubiparous glands, according to Clapar&de, represent modified segmental 
organs. In Protula [Salfnacina) adifieatrix, Clapar&de represents the tubiparous 
glands as opening by a common pore, as in Splrorbis. A carefiil study made by me 
of a species of Protula (probably P. Dyateri Huxley) at Eastport, Me., showed the 
wide separation of these glands, and the fiict that they opened by two distinct 
pores, thus bringing them nearer the Sabellarians. 

The minute structure of these glands, revealed a sinuous line rapidly undulating, 
following the inner outline of the gland. This appearance appeared due to ciliary 
action. Other features were presented by these curious organs, which led me to 
believe that other Amctions were performed by them beside that of secreting the 
tube. Their relations to the segmental organs were unquestionable, however. 
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ing orifices, which are strongly ciliated, as weU as the tobes them- 
selves, even to their external orifices, the ciliary action always di- 
recting the currents out of the body. 

The concentrated character of the Brachiopods, and the limited 
perivisceral cavity, reduce the segmental organs, or oviducts, to the 
lowest number, and consequently we find in most of them but a sin- 
gle pair, as in Lingula, Discina, and Terebratulina, while in Rhynch- 
onella two pair of oviducts are present. It is significant to note 
that in the last named genus both pair of oviducts have their inner 
mouths turned toward the back. 

In a special memoir on the oviducts of Brachiopoda, now in prepa- 
ration, I shall demonstrate the unquestionable character of these 
organs. 

Having studied them in living Lingula, Bhynchonellaand Terebratu- 
lina, and in alcoholic Discina, I find them presenting only simple 
modifications of a constant type.^ 

In Terebratulina the eggs were watched through the transparent 
anterior walls, after their separation firom the palUal sinuses. WLHe 
floating in the perivisceral cavity, they were seen gathered up by 
the flaring ciliated mouths of the oviducts, and were followed, as 
they slowly passed through the tubes, and caught as they escaped 
from the external orifices. 

In Lingula, Discina and Rhynchonella, the external orifices of the 
oviducts are simple slits, while in Terebratulina they project Srom the 
anterior parietal walls, like tubercles, as figured by ClaparMe in the 
Annelid Lepidonotw (Hermadum) fragile. The glandular nature of 
the oviducts, and their striking resemblance in this respect, to similar 
parts in the worms has been alluded to under Renal Organs. 

The following figures of the oviducts of Brachiopods, fix)m my 
own studies, and the oviducts of certain worms, as figured by Ciapa- 
r^de and Lancaster, are here given for comparison. 

Having considered that portion of the genital system referring to 
the ovaries and oviducts, and shown their entire vermian character, 
we come to study the male organs of generation, and in this line of 
invesdgation we have to push into an almost untrodden field. 

The Brachiopoda have bven regarded by some autliors as dioecious, 
the vascular sinuses prescntiug ovaries or testes, according to the sex 

^ Hone on the Embiryology and Oviducts of Terebratulina. Am. Jonr. Sel. and 
Arts. Vol. IV, p. «2. 
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Segmental oigann of Worms 

Fig. 23. Ltunbrlous. Fig. 21. Pectinaria. F|g. 22. Eunice. Fig. 23. Stylodrl- 
lu8. Fig. 24. Nereis, ae, segmental organ, g, genitalia, v. vascular cliannel. 
f . intestine. Fig. 20 is from Lankester, the rest ftom Claparftde. 



Fig. £5. 



Fig. 26. 



Fig. 27. 



Fig. 23. 




•Segmental organs of Braohiopodi. 
Fig. Z',. Dl:^clna. Fig. 28. Lingula. Fig. 27. Rliynchonella. Fig. £3. Terebrat- 
ulina. These figures are iW>m my own studies. 
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of the individnal. Hancock ^ howoTer was inclined to belieTe the 
sexes united in all the forms coming under his observation. Oscar 
Schmidt* also says that in Terebratula the testicles and egg stocks 
are united in the same individual. 

After patient study of these parts, I believe that in all the Brachi- 
opoda the sexes wUl be found to be separate. In Ldngula the sperm- 
aries occur in the perivisceral cavity, in masses like the ovaries. 
Having studied them alive it was found that while in some individ- 
uals the ovarian masses nearly filled the perivisceral cavity, in others 
spcrmaries occupied similar positions. 

As Discina presents precisely the same characters in the ovaries 
springing from the vascular membranes, and filling the perivisceral 
cavity, it is reasonable to suppose that the spermaries correspond in 
position with those of Lingula. 

A careful study of Terebratulina, lately made during its breeding 
season, shows also that in this form the sexes are distinct. While 
some specimens revealed the vascular sinuses filled with eggs, and 
even where the eggs had escaped by dehiscence the scars could be 
seen, in others the sinuses showed no traces of eggs, but on the con- 
trary were filled with a creamy mass, slightly granulated, the borders 
of these masses being highly ciliated, and when crushed or separated 
under the compressor, bunches of spermotozoa and single ones were 
revealed. This probably represents the oyigerons mass of Hancock. 

In several females examined, the eggs were attached in clusters to 
the genital band, even to the very edge of the mouths of the segmen- 
tal organs. And in several males the spermaries were likewise 
attached in clusters to the genital band, and in such masses and so 
close to the segmental organ that the accessory vescicle of Huxley 
was obscured by them. 

The masses of spermaries adhering to the genital band, and float- 
ing free in the pervisceral cavity, presented some curious features. 
They assumed the shape of long filiform appendages, attached by 
common centres to the genital band, and surrounded by an almost 
imperceptible cellular mass. The threads widened gradually to their 
distal extremities where they ended bluntly, and were capped with a 
few largo brownish cells. The spermatozoa were thickly clustered in 
blunt fusiform masses at the extremities of the threads, forming a 
sort of brush. The same brownish granules appeared in the sinuses, 

^ Hftticock, ibid., p. 824. 

sZditscLrifl iiir 5e8.NatiirwiB8eu8chaften, 1864, p. 826. 
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and likewise tipped the clusters therein contained, only these dusters 
were not supported on long threads, as in those which sprang from 
the genital hand in the perivisceral cavity. The glandular portion 
of the segmental organ in the male appeared much darker than in 
the female. As Bhynchonella presents similar features in the ovaries 
contained in the pallial sinuses, we helieve that the spermaries will be 
found in like positions. 

In this connection we must also consider the acoessory vescicles of Huxley 
(accessory hearts of Hancock). After careful study of these minute organs 
from a large number of living specimens, I am convinced that they do not bear 
Hancock's interpretation, and that they properly belong to the genital system 
aud not to the circulatory system as stated by him. Hancock describes the 
walls of the *^ accessory hearts '* as more delicate than the walls of what he 
regards as the central dorsal heart. This is certainly not so in regard to Tere- 
bratulina. In T. $q>tentrionaU$, the organ presents all the appearance of a 
gland. The walls are thick and glandular, in fact, no sure evidence of a cavity 
within has yet been met with. It is in^gnlarly pyriform In shape, slightly flat- 
tened, and in some is attached by a very constricted neck to the genital band 
just beneath the flaring margin of the mouth of the segmental organ. 

The exterior wall is made up of prominent transparent cells ; at the base of 
the gland, and also on its walls, masses of yellowish granules in patches appear. 
On the genital band also I have seen irregular masses of cells, presenting all the 
appearances of the accessory vescicle. Repeated -observations failed to detect 
any vascular communication with the band to which it is attached, not the 
slightest trace of circulation within its walls ha? been observed, nor the slightest 
evidences of dilatation or contraction, nor evidence of muscular fibre. I have 
repeatedly crushed it beneath the compressor, yet no signs of forcuig out con- 
tents has been observed. Moreover the organ differed in appearance in different 
specimens, and even differed in appearance in the same individual upon the 
right and left sides of the body. With the idea at first that the sexes were 
united in Terebratulina, I was inclined to regard them as the testes, since they 
always occur in the immediate vicinity of the segmental organs. 

Where a single pair of segmental organs occur, as in Terebratulina, two 
accessory vescicles occur, one to each segmental organ. Where two pair occur 
as in Bbynchonella, four accessory vescicles are found likewise; one accom- 
pa^iying each segmental organ. In Lingula, and Discinn, though the segmental 
organs are large and conspicuous, and their study rendered comparatively easy, 
yet in no case has the accessory vescicle been met with. So far as we know 
then, the accessory vescicle occurs in Rhynchonellidss and Terebratulidos, or in 
those groaps with the dorsal and ventral plates interlocking, which have no 
anus, and in which tlie ovaries are contained in the vascular sinuses of the 
pallial membrane. The accessory vescicles do not occur in Lingulidos or Dis- 
cinids, or in those groups having the dorsal and ventral plates free, possessing 
an anal outlet, and which liave the ovaries entirely free in the perivisceral 
cavity. That they have nothing to do with the circulation is evident from the 
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ftct that a porti(m of fhe pallial membrane separated from the animal, diows 
the cironlation going on as nsnal. The vascnlar bands are also strongily ciliated, 
and in Terebratulina, as in Lingola, the periyiscenil circulation is probably in- 
dnced by ciliary action. 

That the accessory vescicles, then, belong to the reprodnctiye system, and noc 
to the oircnlatory system, there can be no doubt, but just what their function 
may be, has yet to be discovered. 

I copy from that inexhaustible work of Clapar^de, the Annaltds of the 
Gulf of Naples, a figure of the segmental organ of Alekpe Canlraimi, ami 
accompany it with a figure of the segmental organ of TertbraitUina Mq>temiri~ 
onaUt with its accessory vescicle attached in the same position. There is at 
least something suggestive in the relations of the two figures, though by this 
suggestion I would not throw doubt on Clapar6de*s determinations. With the 
impression that the sexes were united in Terebratulina, I was inclined to regard 




Fig. 80. 




Segmental oigan of Terebratulina. 
t. segmental oigan. m. inner 
month of ditto, o. external ori- 
floe of ditto, g. genital band. a. 
. .. aooessory Tesoiole. i. intestine. 
Segmental organ of At- 
dope CaaUraimX. m. inner 
mouth of segmental organ, 
o. external orllloe of ditto. 
i. testes. 

the external parietal glands discovered by me as representing the testes. With 
the identification of the spermaries as above described, and the consequent sep- 
aration of the sexes, we must seek for another interpretation of the glands. 
As they are extremely mucous, and intimately surround tlie external tub- 
ular orifices of the segmental organs, the egg cannot possibly escape with- 
out first coming in contact with whatever substance these glands mav 
SfMsrote, and it is highly probable that they are instrumental in investing 
the egg with some external coat. The glands are very white in color, and are 
filled with minute granules which I at first mistook for spermatozoa. It is inter- 
esting to observe that they are present in both sexes, but what service they do in 
the male it is impossible to conjecture. 
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Id connection with the external parietal glands, it is interesting to recall the 
oapsulo-f^enoiis glands as described by Dr. Lankesteri in the common earth 
worm. He says ** Besides the regnlar glands developed on the parietes of the 
body, the earthworm exhibits nameroos glands destined to form the egg capsnle, 
in which both zoosperms from the spermatic reservoirs, and ova are deposited, 
These glands were first detected by D*Udekem. . . . The white color, 
and thick fleshy look which is sometimes observed about the exterior of these 
segments, is due to the developement of the capsnlo-genoas glands. Whether 
the capsnlo-genous glands have everything or anything to do with the formation 
of the egg capsule is very difficult to determine; but the aappositlon of M. 
D'Udekem is so plausible, and comes from so good an authority, that it cannot 
bat be received until absolutely disproved." 

Ewibrydlo^, 

It seems a little remarkable that of the class of Brachiopods, upon 
which so many admirable memoirs have been written, so little should 
still be known about the embryolo<;y, or earl^ stages of any of its 
forms. Yet all that has been done, thus far, to shed any light on 
this portion of their history, points to the unquestionable vermian 
characters of the class. 

The earliest paper on which we find any reference to the embry- 
onic form of the Brachiopod is by Oscar Schmidt, contained in the 
'^ Zeitschrifl fiir ges. Naturwisscnschaflen," 1854 p. S25. He gives 
the following figure of the larval form of a species of Terebratula. 
(Fig. 31.) 

In this figure the body shows a deep constriction 
in the centre, the lower end is abrupted truncate, 
as if that were to be the point of attachment. If 
that is the case it would correspond to certain Roti- 
fers which also attach themselves by the posterior 
segment of the body. 
Embryo of a (See Fig. 6 of Rotifer, on page 11, Mdicerta 
*** ' ringens by Huxley, showing its first attachment by 

the posterior end, the animal at the same time surrounding itself 
with a sand case.) 

Lacaze-Duthicrs was the first naturalist to make known several 
stages of the embryology of a Brachiopod. In a memoir on The- 
cidium ^ this author gives several figures of the embryos of this 
Brachiopod. The body is composed of four deeply constricted seg- 

> Journal Hierosoopical Science. Vol. V, 1866, p. 14. 
s Aimales dcs Sciences Natnrelles, 4th S^rie, Yol. xv. 

' PBOCSXDtKGS B. 8. K. H. — VOL. XV. 23 OOTOBXB, 1873. 
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ments, the anterior one small and running back on the second seg- 
ment. On one embryo he found two red eye-spots on the first 
segment, while on another embryo he found four red eye-spots. In 
the same number of rings, the peculiar form of the cephalic ring^ 
and if Oscar Schmidt is right, the attachment of the embryo by the 
caudal segment, we observe the closest similarity between the embryo 
of this Brachiopod and that of Mdicerta ringens, figured by Hox- 
ley.i 

It will be seen by the accompanying figures of the embryo of The- 
cidium, copied from Lacaze-Duthiers, and the embryo of Mdicerta 
ringens, that in the Rotifer embryo the body is drawn out, while in 
Thecidium it is condensed. 

For several years I have endeavoured to secure some data regard- 
ing the embryology of Terebratulina, and in the early summer of 
1872, 1 had the good fortune to find Terebratulina spawning.* The 
eggs were round and ciliated, and had the peculiar pencil of long 
cilia so peculiar to the embryos of many worms. The body was 
gradually cut up into three deeply constricted segments, and these at 
a later stage had the characteristic vermian contraction, the rings 
shortening upon themselves and then gradually expanding. Though 
I made several hundred drawings firom fifty different embryos, yet 

^ Jonr. Mio. Soc., Vol. i. 

* Since this paper was in tTpe, I have again vlaited Eastport, Maine, and have had 
an opportuuity of studying the embryology of Terebratnlina under more fkror- 
able drcnmstanoGS. I have only room here to state that after swimming aetirely 
for a while the segmented embryo becomes attached by the caudal segment which 
is to be the peduncle, the middle or thoracic segment increases in diameter, one 
portion becoming more prominent; the first or cephalic segment continues to move 
and bend on the thoracic segment. Meanwhile the thoracic segment grows rap- 
idly at opposite points, and finally engulft the first segment by lobes above and 
below, these lobes being the dorsal and ventral valves. The mouth becomes appar- 
ent, and at the some time two groups of seta make their appearance on the sides 
and fh)nt cf the lobes, these are delicately barbed and ckciduoua. 

The relations pointed out on pages 29 and 80 regarding the cephalic collar of the 
Annelids and the pallial membranes of the Brachiopods receives confirmation in this 
unlocked for simple developement of Terebratulina, and so Ikr as these forms are 
concerned, we can for the first time state positively that the mouth and arms rep- 
resent the first segment, the pallial membranes with the shells, the second or 
thoracic segment, while the peduncle repieBents the caudal segment. 

The first three tubules in the shell are bordered by long delicate hairs, indicating 
that these are sense organs as in the tubules of certain cmstacea, surrounded also 
by hairs as described by De Morgan, see p. 16. Regarding barbed setae, see page 21. 

These results were communicated to the Boston Soc. Nat Hist, Jane 18th. 1878; 
and will soon be published in theh: Memoirs. 
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Embryos of J^rachiopods. 

Figs. 87, 83, 39. Thecidium (from Laeaze Dnthiers). 
Figs. 40, 41, 42. Terebratulina (origimU). 
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owing to the difficulty at that time of keeping the water at the 
frigid temperature thej were accustomed to^ the embiyos all died. 
I saw enough, however, to lead me to believe that they eventually 
become attached by their caudal segment. 

Thus the three series of observations by Schmidt, Lacaze-Dutluers 
and myself, on entirely different forms of Brachiopods, show the 
most perfect vermian development. 

In regard to the early stages of Brachiopoda, Fritz Miiller ^ has 
published some interesting observations on the early stages of Discinay 
which he studied at Santa Catharina, Brazil. The larva is described 
as having a perfectly orbicular dorsal and ventral plate, the pallial 
membrane gaping all round, and the dorsal plate freely moving, or 
sliding back and forth. Five pair of very stiff setss project from 
the periphery, two pair forward and three pair backward, one pair 
much larger and stronger than the rest, and these were coarsely 
barbed. The posterior half is occupied by the alimentary canal, two 
auditory vescicles, and two. eyes. The anterior half is occupied by 
four pair of cylindrical tentacles or cirri, strongly ciliated, between 
which a rounded knob is situated. (Possibly related to the rounded 
knob in Spirorbis and allied forms.) 

The arms or cirri are supported upon a long retractile neck or 
oesophagus, at the forward extremity of which the mouth is situated. 
The larva not onl^ swims by means of the cilia lining the cirri, but 
crawls by means of the ventral scale, and pushing itself along by the 
larger pair of bristles which have a vigorous motion, often crossing 
behind. 

These barbed bristles of IHscina, Miiller finds, are deciduous, and 
it is interesting to remember in these comparisons that the larval 
worm has also coarsely barbed bristles which are likewise deciduous. 
What 'could be more annelidan than the description of this larva. It 
is true there are no larval worms possessing the dorsal and ventral 
plates, though in that degraded worm Stemaspis there is a pair of 
ventral plates or scuta, from the edges of which setee project, and by 
means of which the worm shoves itself along. (The lines of growth 
are prominent on these scuta, as in Discina.). 

Since then I have received, through the kindness of Dr. Hagen, a 
letter from Herr Miiller, accompanied with a sketch of another 
larval form of Discina, in which he describes features similar to thoee 

1 Beichert and Dn BoU-Beymond's Arohiv., 1860, p. 72. WiQgmann'B Arehlr. 
1861, p. £8. 
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above mentioned, and states that tbe species has been defined by 
Prof. Dunker as D. radiata. 

The Brachiopods possesa other affinities to Botifera, lieside the resemhlances 
between the embryoB pointed ont above. We give here a definition of the 
Botifera condensed fVom BoUeston^s Forms of Animal Life, p. cxxxviii, Cfass 
Botifera, inserting in italics those portions in which some agreement may be 
claimed. 

"Vermes with a rtiroieiXU ctUaied duk at ike anterior extremity of their bodiee. 
(To be compared to retractile cirri in vonng Discina.) Usually plainly anna- 
lated externally, never divided intemaOif by trannerse eqfta, (Except Lingnla.) 
In most Botifera entire body divinble into a * body* proper ^ and a tat/, anterior to 
which the digestive and reproductive viscera toitk iheir ducts are situated. The 
body can often be seen when chitinization has not advanced so far as to form a 
carapace, not only to be distinctly annnlated, but to possess circular and longi- 
tudinal muscles in its walls. Cilia are never found on the external surface of the 
body, except tpon the cephalic organ. 

TTie chitinous surface of the integument may deveJope setiform outgrowths of 
various ahapet, or the animals may secrete or agglutinate a tube for the lodgement 
of their bodies. The tail is nsnally ammlated when its integament is soft, (qnite 
marked in Lingula pyramidata) or segmented when it is indurated. 

(The paired claw-like processes is unlike anjrthing found in Brachiopods. 
The anus is on tbe back and not on the side as in Brachiopods. The differ- 
ences t>etween the sexes is unlike the Brachiopods, though the coecal stomach 
as in Ascomorpha, Notommata and Asplanchnia finds a parallel in the ccecal 
stomach of many Brachiopods. The jaws and gizzard are again different from 
what has yet been observed in Brachiopods.) Two or more cacal appendages 
are affixed to the commencement of the stomachy which^ as also the intestine, is 
ehlhed with dUa. (See Morse, ** Early Stages of Terebratnlina," and since ob- ^ 
served in young Bhynciionella and Discina). The Botifera have no heart The 
periviseral cavity contains a eorpusculatedjluid. No specialized breathing organs, 
(save the curious ampnllse on the pallial membrane of Lingula.) The water vas- 
cular system has five ciliated infnndibuliform orifices, (to be compared with the 
segmental organs in Worms and Brachiopods). The reproduction in Botifera 
by means of winter eggs possibly finds a parallel in the statoblasts of Polyzoa." 

Features of dissolution. 

Believing tbe Brachiopods to be true worms, every feature of rela- 
tion, no matter how trivial, beeomes important in these comparisons. 
Tbe mere fact of Lingula pyramidata agglutinating a sand tube is of 
small moment in itself, since such a feature might of course be a 
matter of secondary acquisition. The unquestionable fact how- 
ever^ that many groups of worms are notable tube builders, and this 
peculiarity is almost entirely confined to the worms, the feature of 
tube building in Lingula becomes a matter of importance in these 
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comparisons. Therefore the points to follow, trivial in themselTefl, 
cJEinnot, with justice, be overlooked in these comparisons. 

Dr. Williams, in his elaborate work on the British Annelida,* in 
describing the dissolution of Arenicola and Nais, says in regard to 
the former, that the division occurs somewhere within the middle 
third of the bodj, though sometimes the head is detached, and scnne- 
times the t£uL This process, both in the Nais and Arenicola, occurs 
in July or August. The cephalic and caudal portions continue for 
some time to writhe in the sand. Towards September the fragments 
disappear by decomposition, the parts turning black. He further 
says that the sand of the sea-shore, and the water of the fresh water 
pools are thickly strewn with the mutilated bodies of these wonos. 
*' It is a catastrophe which every fall involves the whole community." 
He believes therefore that these Annelids are annuals. '' They are 
bom during the latter months of one summer, and survive the win- 
ter, attain the maturity of growth, reproduce the species, and die by 
the spontaneous subdivision of their body into fragments.*' 

In studying Lingula pyramidata, I had come to the conclusion that 
with this Brachiopod at least, their duration of life did not probably 
exceed one year. Of over one hundred specimens of Lingula col- 
lected by myself in June, and as many more collected by Dr. Elliott 
Coues in July, I had remarked as a noteworthy fact, that specimens 
varied but littie in size. I did not meet with a single young speci* 
men, or, rather, a single small specimen. Furthermore the shells in 
all cases presented the same features of newness. There were no 
erosive or parasitic ^owths upon them (though late in the fall there 
is no reason why hydroid growth might not occur on that portion of 
the shell exposed). This fact, coupled with the absence of even a 
small specimen, for which I particularly searched, led me long ago to 
believe that they were all of the same age, and that their life did not 
exceed one year. 

I brought several specimens home with me to Salem, Mass., and 
kept them alive during the summer months ; imitating as far as pos- 
sible the conditions in which I found them, keeping them in the 
same sand in which they were collected. They all died witiiin a 
few days, during the last of September, and in their death they re- 
peated almost precisely the features described by Dr. T^Uiams in 
Arenicola and Nais, Spontaneous division occurred between the 
thorax and peduncle. The thorax was thrown out on the surfioe of 

^BflporiQf tlieBilt.ik«o.ftrAd.of SeL 1861,p.M8. 
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the Band, wbile the peduncle lay embedded in the sand. The thorax 
lived for a few days in a weak condition, the setae moving feebly, and 
the dorsal plate slightly oscillating. This portion finally turned 
black, and as one after the other perished in this way, I removed 
them from the vessel, in order that their decomposition might not vi- 
tiate the water, and thus imperil the lives of the survivors. 

Several days after they had all been removed in this way, curiosity 
led me to turn up the sand, to find the condition of the peduncles, 
and judge of my astonishment at finding the perivisceral fluid con- 
tained in the peduncular cavity still rapidly circulating in several, 
though the region at which the separation had occurred was black- 
ened by decomposition. In a few days more this circulation ceased, 
and decomposition envolved all parts. Here we have the most com- 
plete relation between the dissolution of this Brachiopod and that 
of the Annelid described by Dr. Williams. 

Opinions of Authors concerning the Relations of the Brachiopoda. 

Naturalists are sufficiently well acquainted with the relations re- 
peatedly pointed out, as existing between the Brachiopoda and Polj- 
zoa,^ and there is no need of again repeating them here. 

It is also a matter of history that the Polyzoa were placed with the 
MoUusca solely on the relations which were supposed to exist between 
them and the Tunicates, and afterwards the relations recognized be- 
tween the Polyzoa and the Brachiopoda. 

Again, there can be no question that at the outset the association 
of the Tunlcata with the MoUusca arose from the relations supposed 
to exist between the external sac or tunic, with the two apertures of 
the one, and the shells and syphons of the other. Aristotle^ dwells 
on this resemblance where he says, in speaking of them as MoUusca, 
" They are the only kind whose whole body is enclosed in the shell, 
and that sheU of a substance between true shell and leather. They 
are attached to the rocks by their shell. They have two separate 

1 lo the affinities of the Poljxoa with the Yemies, the onrious genua Phoronis 
oflfera an important link. Clapar&de thinks the affinities of Phoronis are with the 
Gepbyreans on the one hand, and the Polyzoa on the other. Kowalevesky has 
dlscoYcred that the lanra of Phoronis is an Actinutrocha, and possibly the yonng 
(Slpnnculoids that Schneider saw resulting fh)m a transformation of Actinotroeha, 
are early stages of Phoronis. Certainly no one studying the characters of Phoro- 
nis and Crepina can fill] to see many very intimate relations between these forma 
and the hippooreptan Polsrzoa. 

> Fourth book of " History of Animals." 
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Openings, which are very small and difficult to notice; the one to 
take in, the other to eject the water," etc. 

The branchial sac was also believed to be the homologae of the 
gills of the Lamellibranchiate Mollusk, though Hancock^ has shown 
that the branchial sac of the Ascidian is not the anatomical equiva- 
lent of the gills of the Lamellibranch, but is a portion of the alimen- 
tary canal. 

Milne Edwards, in his splendid memoir on the composite Ascid- 
ians,^ in speaking of their molluscan affinities, said that these 
relations were far less intimate than was usually believed, and that 
they departed from the Mollusca in their mode of circulation, in the 
metamorphosis which their fry passed through, and more particularly 
in the singular feature that most of them possessed in multiplying by 
gemmation. 

^ Now since the Polyzoa are placed with the Vermes by Gregenbaur 
and others, and indeed were long ago placed there by Leuckart, 
while the Tunicates have been assigned to the Vermes by many of 
the most eminent German investigators, while others still would place 
them at the foot of the Vertebrate series, it is unnecessary for me 
to consider the affinities of the Brachiopods through their relations 
with these groups. 

Kowalevsky, Kupffer, Schnltze and others, assign the Tunicates a position 
at the base of the Vertebrate series, throagh the unquestionable affinities of 
certain of their forms to Amphiozus, as well as their singular embryological re- 
lations with the Vertebrates.* In this connection it is instructive to note that 
Gegenbanr sees a relation between the branchial sac of Balanogloesns, and 
the branchial sac of an Ascidian. 

In the year 1848, the far seeing Leackart was inclined to believe that the 
Tunicates formed an intermediaie doss between the Echinodermata and (ke 
VermeSy while others traced a resemblance between certain Nemertean larva 
and the early stages of the Echinodenns, causing Huxley to unite the Echino* 
dermata with the Articulates. And lastly, a Tomaria described by MUller, 
Krohn and Alex. Agassiz, was taken to be an unquestionable Echinoderm larva^ 
Now thanks to the brilliant investigations of Mr. Agassiz,^ this Tomaria turns 
out to be the young of that odd worm Balanoglossus ; though Mr. Agassiz finds 
a wide gap between the Tomaria of Balanoglossus and the Echinoderm young, 
yet he admits the striking resemblance between the two. He says, **ThU 
remarkable type recalls the Tunicates, from the nature of its giUs and mode of 

1 Annals Nat. Hist. 4th Series, Vol. v., p. 196. 

* Memolres de T Acad, des Sciences. T. xviir, 1842. 

• Early Stages of an Ascidian.. Proo. Bos. Soo. Nat. Hist, Vol. znr., p. 851. 

4 The History of BalBnoglossns and Tomaria. Mem. Amer. Aead., Vol.iz., p. 481. 
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fonxiation. It has, like Echinodenns, a ring canal; its larya is eminent!/ 
Echinodermoid, allied to Star-flsh larvae, which in their turn are more closely 
allied to the lanrsB of Holothnrians and Crinoids, than to those of Echinoids and 
Ophinrians." 

Aside from the roundabout way in which the Brachiopods have 
been entangled with the Mollusca (their preposterous comparisons 
with Anomia will be considered presently), it is interesting to ob- 
i»erve how often certain features of the Brachiopods have been com- 
pared to the lower Artlculata by those who have made special 
researches upon them. Thus Dr. 6ratiolet,i who studied Lingula 
anatina, says the organization of the arms resembles the branchia of 
certain Crustacea. He also expresses the opinion that the Brachio- 
poda arc allied to the Crustacea in respect to their vascular system, 
and hot to the Mollusca; least of all to the Tunicata. Again, after 
recounting the peculiar character of Lingula in the annulated hairs, 
developed from veritable glands, the structure and arrangement of 
their muscles, their arms and other features, Gratiolet says, the 
Brachiopods are very far removed from the Lamellibranchs, and have 
no kind of relation to the Tunicates. 

Lacaze-Duthiers,' in speaking of the oviducts of the Brachiopods, 
recalls the fact that in Bonellia (of which he made an elaborate 
study) there are similar openings, which are the genital openings, 
through which the visceral fluid can escape. He also queries whether 
there are not two kinds of circulation in the Brachiopods, as in 
Bonellia. On the development of the young, studied by himself in 
Thecidium, he observes points entirely unlike anything existing in 
the Lamellibranchiates. 

Burmeister compared the gills of Lingula to the gills of Lepadas. 

Gegenbaur, in his " Outlines of Comparative Anatomy," points to 
certain worm-like features in the Brachiopoda, and repeatedly calls 
attention to their worm-like genitals. 

Dr. Williams,^ in his elaborate work on the British Annelids, calls 
attention to the outlying affinities of the Vermes, recalling Dentalium, 
Chiton, Amphioxus, but no where alluding to any approach of the An- 
nelids to the Brachiopods. None of the above authors, however, had 
ever suggested the removal of the Brachiopoda from the Mollusca, nor 
had they, or Owen, Vogt, Huxley or Hancock, ever made the slight- 

> Jour, de Conch. 2d Series. Tome u. pp. 287, 262, 257. 
a Annales des Sdenoe Katorelles. 4th Series. Tomexv. 
•BeportoftheBritAiSO. lbrA.of 8. 1861. p.lOi. 
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est allusion to Prof. S'eenstrup's views on the subject, and until quite 
recently I had thought diat to myself belonged the entire credit of 
the views advanced in this paper, until I was made acquainted with 
the fact that twenty-five years ago Steenstrup had not only considered 
the Brachiopods as worms, but had placed them near the tubico- 
loTis Annelids. Before presenting the views of this distinguished 
naturalist) it is proper to go back to the relations that many nat- 
uralists, as Agassiz, Deshayes, Owen and others, believed to exist 
between Terebratula and Anomia. 

In the light of our present knowledge of the subject, it seems as 
incomprehensible that such views were held, as that the Cirrepeds 
were ever included with the MoUusca, and it is still more a matter 
of astonishment that to this day there are a few naturalists who have 
a vague idea that Anomia forms a sort of connecting link between the 
Brachiopods and the Lamellibranchiates.^ 

In the year 1853, Forbes^ wrote as follows: '< Linnseus included in 
his genus Anomia the species of Terebratula. Mislead by a false 
analogy, he considered these very different Mollusks to be organized 
on the same plan, and the perforation of one of the valves in each, to 
be of similar origin. 

'^Lamarck, in like manner, fancied that in Anomia he saw a passage 
into Terebratula and the Brachiopods; and some anatomists even 
believed that they had discovered transitional characters. A close 
examination shows that there is no relationship of affinity between 
them, but only a resemblance through formal analogy. 

^*The parts which seem, at first glance, in each to be identical, prove 
not to be homologous upon investigation. Anomia has really very 
close relations with Fecten, and is connected to the latter by the 
curious genus Hemipecten of Reeve. The perforations in one of the 
valves of Anomia is chiefly a greater extension of the auricular sinus 
in Fecten ; and when the very young fry of this genus shall have been 
carefully observed, we believe they will be found spinning a byssus, 
which passing through this in the first instance, before a portion of 
it becomes attached, eventually becomes detached with a part of the 
adductor muscle, and forms the opercular process." 

Lacaze-Duthiers,* in an elaborate memoir on Anomia, refers to 

1 At one time Vogt and Agassiz believed the dorsal and ventral plates of the 
Braohiopoda to he right and left, like the biralved shell of the LameUibnuieh ! 
s British Mollnsca. Vol. n., p. 822. 
• Annales des Sdenoes Natorelles, 18M. 9d Series, v., p. 85. 
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these statemenU of Forbes and Hanley, and expresses his belief in 
their correctness. In speaking of their peculiar asymmetry induced 
by this byssal modification, he aptly calls tbem the Pleuronectes 
among Mollusks. 

In the year 1847, Steenstrup presented similar views before the 
Royal Danish Academy.^ And in the same year, during the meeting 
of the Scandinavian Naturalists in Copenhagen, he made a similar 
communication, which was published in their Report for that year. 
On both occasions he militated against the suggestions of Owen, 
Agassiz, Deshayes, and other naturalists, who considered Anomia as 
a connecting link between the Lamellibranchiates and the Brachio- 
pods. He showed that Anomia was not so abnormal as was generally 
supposed, and that the foramen in Anomia had no correspondence to 
the opening of the valve in Terebratula, but, on the contrary, was 
homologous to the notch in Pedum, Pecten, and certain other bivalve 
Mollusks, and that the plug in Anomia was simply a calcified byssns, 
and that it passed through this notch and held the shell fixed to some 
object. He showed also that the muscle attached to this plug was a 
foot muscle, corresponding to the muscle which goes to the sheath of 
the byssus in certain other Lamellibranchs; and concluding with the 
statement that the Terebratula and all the Brachiopods might neces- 
sarily be considered as not only widely removed from the Lamelli- 
branchiates, but as having no sort of relation to the MoUusca at all. 

Last year, in a brief examination of the early stages of Anomia, I 
had the pleasure of amply confirming the predictions of Forbes and 
Steenstrup, namely, that the plug in Anomia represented simply a 
modified byssus. 

The following extract is taken from my short paper on the Rela- 
tions of Anomia.^ **The smallest specimens examined are quite 
orbicular, the upper or left valve is very tumid near the nucleus, the 
lower, or right valve is flat, and somewhat smaller than the upper 
valve. The foramen, or sinus, is not closed, but opens on the anterior 
border of the shelL The chief point of interest, however, is seen in 
the nucleus, or that portion of the shell first formed, when the ani- 
mal was free and roving. This early condition of the shell is dis- 
tinctly marked at the beak in both valves. It is yellowi^th in color, 
and marked with numerous, very regular concentric lines of growth, 
while the remaining portion of the shell is colorless, or white, with 

s Seethe Prooeedings for that femr, pp. 71, 75. 
* Proo. Boston Soo. Nat. Hist. Vol. xiv., p. 168. 
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' lines of increment. The nucleus is oblong ovaL The urn- 
\ are nearly central, though nearer the anterior margin, and the 
:3JbieIl is more globose behind. Both valves of the nucleus appear 

equally convex, and no sign of a 
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sinus or perforation is visible in 
cither valve. On the free edge of 
the right valve, directly under the 
umbo, a distinct notch is seen, the 
lines of growth indicating it, and 
showing that the edge of the shell 
b not absorbed to form this notch* 
It will be noticed that this mar- 
ginal notch appears in that valve 
which is below, and which after- 
wards presents the opening for the 
pns8af:re of the byssal plug. 

*^ The condition of the shell at 
this time clearly indicates that the 
animal is not only already attached, 
but has fallen to one side, and while 
in this position has added a few 
more lines of increment to its larval 
shell, as no sign of this notch is seen 
on the left or free valve. Soon, 
however, the peculiar and rapid se- 
cretion of a different shell growth 
takes place; the lines of increment 
are no longer regular, nor so con- 
Fig. 1. Eight or lower valve of Ano- 
mla, showlDg notch In ventral pallial 
margin, caused bybyssas. Diameter one 
slxty-fonrth Inch. 

Fig. 2. Left, or upper valve of Fig. 1. 

Fig. 8. Foramen commencing to form. 
The black portion shows proportions of 
left valve. 

Fig. 4. A more advanced stage of right 
valve with foramen almost completed. 

Fig. 6. Left, or upper valve of Fig. i. 
Diam. one thirty-wcond Inch. 

Fig. 6. Showing sHU later stage, with 
Ibramen completed, and nudens still vis- 
ible. 
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spicuoiu, and the shelly matter is white. The left valre adds con- 
centric layers aronnd its entire margin, not excepting the hinge 
margin. The lower valve appears to grow from its posterior and low- 
er half, the successive accretions being produced around the b3r8- 
sus. This growth for a while seems to take place exclusively from 
the posterior half of the shell, limited in front by the byssus, and evt>n 
after this growth has increased to twice the diameter of the embryo 
shell, only a slight increase is noticed on its anterior margin, this lat- 
ter addition being slightly reflected. The left or upper valve grows 
more rapidly, so that its margin overlaps the right valve at ail points. 
As the animal increases in size, the foramen increases also, and its 
earlier boundaries are consequently absorbed. 

'< It will be seen by reference to the figures, that the growth of tlie 
perforated valve is first posterior and downward, from the posterior 
half of the shell ; it then grows forward, avoiding the byssal plug, and 
by successive additions surrounds the byssal plug, and ultimately 
reaches the umbones of the larval shell, and even beyond and behind 
this region. 

'^ From these facts it is obvious that at an early stage the animal is 
free, and for a time locomotive; that it has an elongate, oval, bivalve 
shell, with close and regular lines of accretion, and that during the 
latter stage of this growth it becomes attached by a byssus passing 
from between the valves of the shell, as in Mytilus; that before the 
growth of the larval shell is completed it drops over to one side, since 
one valve only shows the notch upon its margin, and that so soon as 
this growth ceases, a new growth takes place, looser in texture, and 
white in color, as above described." 

The figures are here given which accompanied the paper from 
which this extract is taken. At another time I hope to meet with 
living examples of Anomia in this early stage. The specimens from 
which the above studies were made, I found upon dried sea weed, but 
the shells told the story plainly enough, as will be seen by the figures. 

Let us again revert to Steenstrup's views regarding the affinities of 
the Brachiopods. In the Proceedings of the Royal Danish Academy 
for the year 1848, pp. 88, 89, Prof. Steenstrup again refers to the 
supposed deviations of Anomia from the Lamellibranch, and showed 
that they were not only closely related to the other Monomyarians, 
but had no sort of approximation to Terebratula, or the other Brach- 
iopods. In that meeting he indicated what he considered the true 
place to which the Brachiopods should be assigned. 
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Having shown that they were isolated trom the Lamellibnuichfl, be 
there said if the Brachiopods were rightly looked upon, ihcy would, 
according to his opinion, not find their place in the Mollascan series 
at all, but in the series of annulated animals, and just in the class of 
Annelids. In this class, however, he might not range them as a 
particular order, but as a link, or row of particular families, which 
one afler the other came near to the now living Serpulse, going 
slowly, without any abruptness, over to them. Steenstrup believed 
that if the relationship exbting between the shelb of Serpule and 
the tests of Thecidia, Crania, etc., was a natural one, then the type of 
the animal of Serpula might be recognized in the Brachiopoda. 

At that time, Steenstrup believed that the Hippurites were Anne- 
lids too. This view he informs me he has since abandoned, though 
he regards them as a very alienated type from the Lamellibranchs. 
It seems strange, diat in all the elaborate memoirs on the Brachio- 
pods, no allusion has been made to Steenstrup's views on the subject. 
These allusions to the affinities of the Brachiopods in a language of 
which I was entirely ignorant, never came to my knowledge until 
nearly two years afler my first views of the Annelidan affinities of 
the Brachiopods were published in *' Silliman*s Journal." These 
views he presents every year to the students at the University at 
Copenhagen, for which he tells me he has been highly blamed, but to 
which he still adheres. 

In a letter to me he writes: -^ " You remember that Seneca says, 
we ought always to go 'Non pecorum modo, quo itur, sed quo eundum 
est.' As to the last half of this sentence I must be quite silent, but 
as to the first half I shall add that I have been highly blamed, that I 
did not follow the common * quo itur' path." 

Conclusion and RecapUulaUotu 

The Mollusca have always proved a stubborn group to define, and 
simply because certain forms were placed with them, by general con- 
sent, which did not belong there. Milne Edwards first broke the spell 
by rendering the affinities of the lower classes less antagonistic by sep- 
arating the Mollusca into two great divisions, the Mollusca and Mol- 
luscoidca. This act was promptly adopted by Prof.- Dana as before al- 
luded to in the first part of this paper. 

However vague and ill-defined the Vermes may be, there seems to 
be no wider gap between their extreme forms than between Amphi* 
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ozus ana Jllan, or the Lemeans and Hymenoptera, or between As- 
pergillom and Loligo. Were it not that Protuk and Autolytos 
increased by transverse division, one might look at low worms with 
these anomalous features of reproduction, as remotely separated 
from the Chaetopodous groups. 

In considering the assemblage of remarkable characters in the 
Brachiopods, we must recognize in them a truly ancient type, and 
consequently a synthetic, or comprehensive type. Thus while we do 
not find them in all their characters resembling any one group of 
worms, I have endeavored to show that all their features, to a greater 
or less degree, are shared by one or the other of the various groups 
of the Vermes, with one or two features shared by the Arthropods. 

It is important to remaik in this connection that most of the 
ancient groups differ from present groups with which they are asso- 
ciated. Thus the Trilobites are widely unlike modern Crustaceans, 
Milne Edwards and Van Beneden suggesting their affinities with the 
Arachnids. Tetrabranchiate Cephalopods are widely separated from 
the Dibranchiate Cephalopods. Crinoids are widely unlike modem 
Echinoderms. In other words, among the Mollusks, Echinoderms 
and Crustaceans are ancient types widely different from the modem 
types with which they are correlated. 

So in worms we should expect to see ancient types, while present- 
ing a high organization, yet differing from present groups to which 
they are unquestionably related. And from the high complication of 
structure of the Brachiopods, Tetrabranchiates, and other ancient 
types, it would seem that in their culmination in ancient times 
they had the same relation to animals living then as the higher 
groups of present times bear to their associates. As to the more 
ancient forms of Brachiopods, it is probable with them, as with 
other groups, that their lower members were sofl bodied, and 
the argument that has been urged, as militating against Darwin, 
that animals of high complication of stracture occur in the older 
groups, becomes valueless, when we consider that the lower forms of 
their respective groups are more often soft bodied, and that compli- 
cated forms of earlier times, were also culminating forms of pre-exis- 
ting groups. In the light thrown upon the history of man by the 
wonderful discoveries in Archsology, where we meet with traces of 
an ancient civilization, with complicated language and manners, we 
can surely believe in savage hordes pre-existing, from which this 
ancient civilization has been evolved. 
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The Tunicates, Amphioxus, and many important groups, which 
have tanght ns so much regarding the affinities of classes supposed 
to be widely separated, had no hard parts to preserve, and nothing 
by which we could make out their structure. Even the worms, with 
the exception of the Chaetopods, have left us nothing, and the last 
named group are kno^n to us only by their tracks, spines, and tubes 
left ia the rocks. Even the hard leathery peduncle of the fixe*d 
Brachiopods has, in one or two instances only, been preserved.^ 

The earliest forms of Brachiopods thus far met with, are those 
with thin, diaphanous shells (as in the Lower Lingula Flags), and 
even before these forms existed we can legitimately conceive the 
primary existence of certain Brachiopods, with the peduncle endowed 
with high functional importance, and the anus terminating posteriorly, 
as in those Annelids, like Lysilla, where the caudal portion is apo- 
dous, scarcely annulated, and devoid of setse. Later appeared Brach- 
iopods with an anterior termination of the intestine, as in Pho- 
ronis and certain sipunculoid worms, and finally the peduncle became 
attached, and the anus obliterated. 

In regarding the relations of the Braehiopoda, let us suppose that nothing 
was known of such a form as Lingula, and that the only forms of which we 
had any knowledge, were the short and wide forms, like Chonetes. It would 
certainly be considered a wild supposition to snggest the possible existence of a 
Brachiopod, in which the shell should be translucent and elastic, four times as 
long as wide. A peduncle partially annalated, nine times as long as the body, 
capable of sharp vermian contortions, having a rapid circulation within, in- 
cased in a sand tnbe, with the animal living free in the sand, and having a 
limited power of locomotion. Surely it would tax the powers of the imagina- 
tion more to conceive this form than to simply endow a sedentary Annelid, like 
Protula, with the cephalic collar extending beyond the arms instead of sur- 
rounding the base, and secreting a dorsal and ventral plate, with the anus 
terminating at the side instead of behind. 

The presence of prominent dorsal and ventral plates enclosing the arms from 
which the arms in some cases are protruded and the consequent developement 
of special muscles to move these plates, form the only marked differences be- 
tween the Brachiopods and the Worms. In the Gephyreans as in the common 
Sipunculua, for example, where the anterior portion is highly contratiie, pon- 
derous retractor muscles are developed with widely expanded bases, as in the 
Polyzoa and in many Brachiopods. 

« In the Museum of the Geological Survey of Canada is a specimen of Eidiwaldto 
tmbirigonalis Billings, firom the Black River Limestone, Lower Sil., showing the 
sUicified peduncle nearly as long as the shell, photographs of which Mr. Billings 
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In most cases the Brachiopods are fixed, and it is well known that 
with the radical change in the habits or conditions of any group, a 
corresponding change is noticed in their structure. Thus among the 
Crustaceans the feature of attachment is accompanied with many 
changes in the structure of the animal which mask their proper affin- 
ities, as in the Cirripeds, and notably in the Lerneans. Similarly in 
certain low worms, internal parisitism is generally accompanied with 
a loss of gills, setse and cilia.^ 

On the same grounds, we should naturally expect to see great and 
striking difierences in those worms which are attached. Conse- 
quently those Annelids which are fixed, while in most respects 
resembling the free Annelid, yet differ from them in being eden- 
tulous, the mouth or head, in some cases, supporting a crown of cirri, 
oftentimes springing from two cephalic lobes, which may be 
developed into a closely twisted spiral. There is also a marked 
d^ree of cephalization, the anterior rings forming a thorax, and 
supporting branchiae, while the caudal region is often apodous, and 
without sets, and in some cases not even annulated, and often sep- 
arated from the thorax by a deep constriction. 

So in the Brachiopods, while in every feature of their internal 
structure betraying their annelidan affinities, and while the errantian 
forms with their long vermiform and annulated peduncle, their loco- 
motion by means of sets, and their power of fabricating a sand tube, 
unite them clearly with the fixed and highly cephalized Chsetopods; 
yet in those groups that are attached, a remarkable concentration is 
seen, and many features are presented which have heretofore ob- 
scured the affinities of th^ group. 

To sum up the whole then. — Ancient Chsetopod worms culminated 
in two parallel lines, on the one hand, in the Brachiopods, and on 
the other, in the fixed and highly cephalized Chsetopods. The diver- 
gence of the Brachiopods, having been attained in more ancient times, 
a few degraded features are yet retained, whose relationships we 
find in the lower Vermes; while from their later di?ergence the fixed 
and cephalized Annelids are more closely allied to present free Chas- 
topods. 

And so we must regard the Brachiopods as ancient cephalized 
Choetopods, while Serpula, Amphitrite, Sabella, Protula and others, 
may be regarded as modem (later) cephalized Chcetopods. 

^BoUeston. Fonns of Animal lift. 
PBooEKDnras b. s. n. h. — vol. xv. 24 ootobeb, 1878. 
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The following oharaoteni of the Vennes, mainly compiled from BoUeston's 
** Forms of Animal Life," are here given, with the chancterB of the Brachio- 
podB in parallel colnmna. 



Verme$, 

Bilaterally symmetrical, depressed 
or flattened, or circular, never flat- 
tened laterally. 

In many cases, above and below 
similar, or these regions distinguished 
with difficulty. 

Most free, some attached. 

Locomotor muscles clo^ly con- 
nected with integumentary system, 
not only on ventral, but on dorsal and 
lateral aspects of body wall. 

In some (Annulata) annulated ex- 
ternally, and divided internally by 
dissepiments, in others not divided. 



Two layers of muscles in 
walls. 



body 



Digestive canal straight, or seldom 
convoluted. 

Suspended in perivisceral cavity by 
partiid dissepiments consisting of del- 
icate tissue. 

Peculiar depuratory apparatus, 
characteristic of the entire sub-king- 
dom. This apparatus in the Annu- 
lata taking the shape of bilaterally 
symmetrical tubes, opening exter- 
nally, and communicating with the 
perivisceral cavity by ciliated infrm- 
dibuliform orifices. 

Nervous system consisting at most 
of simple oesophageal collar, to which 
a few accessory ganglia, or chain of 
ganglia, may be appended. 

In some the bilateral elements of 
the nerve chain widely dive|ging. 

Generative products in most, set 
fiee.in.p«rivisotnI eavity. 



Braekicpoda, 

Bilaterally symmetrical, depressed 
or flattened, or circular, never flat- 
tened laterally. 

In many cases, above and bdow 
simOar, or these regions distinguished 
with difficulty. 

Some free, niost attached. 

Locomotor muscles closely con- 
nected with integumentary system 
^ not only on ventral, but on dorsal and 
lateral aspects of body wall. 

Never annulated externally, except 
the peduncle. A single dissepiment 
in Lingula. 

Two layers of muscles in body 
'walls. 

Digestive canal straight, or seldom 
convoluted. 

Suspended in perivisceral cavity by 
bands consisting of delicate tissue. 

Peculiar depuratoiy apparatus, 
characteristic of the entire class. 
This apparatus taking the shape of 
bilaterally symmetrical tubes, open- 
ing externally, and conmiunicating 
with the perivisceral cavity by cili- 
ated infundibuliform orifices. 



Nervous system consisting at most 
of a single oesophageal collar. 



The bilateral elements of the ner- 
vous system widely diverging. 

Generative products set ft«e In peil- 
▼isoenl oavitj. 
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PoBaessing ohitioous oatgrowUu, 
either as scales or plates, hain or 
•pines, the hitter being secreted by 
setigerons follicles. 

Cnticle perforated by minute pores. 

Perivisceral cavity lined in some 
by delicate ciliated membranes. 



An extensive vascular system, con- 
taining a colored fluid representing 
the psendo-hssmal system. The cor- 
pnscular nutritive true blood is con- 
tained usually in the perivisceral 
cavity alone, and in a few instances 
is found penetrating the pseudo-hsB- 
xnal system. 

Embryos distmctly transversely 
segmented. In some cases attached 
by caudal portion at a later stage. 

In some groups intestine having no 
anal outlet. 



Possessing chitinons and calcareous 
outgrowths, as scales or plates, and 
ohitinous outgrowths, as hairs or 
spines, the latter being secreted by 
setiger^us follicles. 

Cuticle perforated by mhiute pores. 

Perivisceral cavity lined by delicate 
ciliated membranes. 

An extensive vascular system, 
which may represent the pseudo-h8»- 
mal system. The corpuscular nutri- 
tive tme blood is contained in the 
perivisceral cavity alone. 



Embryos distinctly transversely 
segmented. In most cases attached 
by caudal portion at a later stage. 

In some groups intestine having no 
anal outlet 



Usually having body divided hito 
legions, the thoracic and candaL 

Springing from the head, in many, 
two arms, often twisted into a closely 
wound spiral, and sustaimng ciliated 
cirri. 



EnoircllDg the head, or base of 
arms, a flaring membrane split upon 
the sides, and notched, in tiie dorsal 
and ventral median line. 

Mouth unarmed. 

Mostly fabricatora of sand tubes 
which invests the body. 

Oqihrffreaiu. 

Never definitely segmented. Anus 
opening anteriorly in many. 



Earing body dirided Into two 
regions, the thoracic and oaudaL 

Springing from the head two arms, 
often twisted into a closely wound 
spiral, and sustaimng ciliated cirri. 

Encircling the head and arms, a 
flaring membrane split upon the sides, 
and often notched in the dorsal and 
ventral median line. 

Mouth unarmed. 

• One, Xtn^u/ajTs^omMZato, fabricates 
a sand tube, which invests the body. 



Never deflnitely segmented. Anus, 
when present, opening anterioriy. 
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I desire to express here my deep gratitude to John E. Gavit, Esq^ 
who has constantly aided me in getting material together in our Easi^ 
port dredgings, who has freely placed at my disposal his extensive 
microscopical apparatus, and who has, by timely suggestions, aided 
me in many ways. 

My thanks are also due to Dr. J. R. Nichols for the constant use 
of a Smith & Beck Binocular; to Dr. Elliott Cones, U. S. A., through 
whose attention and kindness I was enabled to study living Lingula 
on the coast of North Carolina; and to Prof. J. W. Dawson, for 
specimens of Rhynchonella, and for the loan of a stout dredge; and 
to Dr. P. P. Carpenter for accompanying me to the mouth of the St. 
Lawrence, and for aiding me in dredging for Rhynchonella. I am 
also under obligations to Prof A. E. Verrill, Prof A. Hyatt, Thomas 
Bland, Esq., and Edward Burgess, Esq., for many favors. 

To the Editors of <' Old and New " I am indebted for the use of 
the engraving which adorns the title page; and to Mr. C. A. Walker 
for the pains taken in engraving my hasty drawings. 



EXPLANATION OF PLATE I. 

BigareB 1 to 7, inoInslTe. Ltngula pyramidaia Stimpson, natnnl sin, from life. 

Figure 1. Bepresentiiig two specimens as they appear partlallf protmding &t>m 
the sand, showing the sand disturbed by them about their burrows. ** 

Figures 2, 8, 4, 6 and 6, different 8i)ecimens in various positions after baring been 
removed from the sand in which they were fbnnd; Figure 8 showing the animal 
while in the act of occiUating the dorsal plate ; Figure 4, with peduncle straightp 
ened. 

Figure 7. Sepresenting bottom of earthen bowl, in which eight specimens bad 
been kept alive in sand; the sand covering the bottom of the bowl an inch and a 
half in depth, above which the Lingulas protruded, and below which they would 
partially disappear with a quick Jerk when alarmed. On removing the sand they 
presented the appearance as here given. Sand tubes had been made by them, ad* 
hering to the bottom of the bowl, quite unlike those made by them when f^ce in 
the sand. Into these tubes the Lingulas had partially receded, as represented by 
the figure; a. represents a deserted sand tube. 

Figure 8. Protula media Stimpson, natural sixe, reduced txom a drawing made 
by Mr. Bmerton, kindly loaned by Prof. Yerrill. 

Figure 9. Showing thorax and left lirm enlarged from same drawing; the pec- 
tinated character of cirri are not fUlly shown. This drawing is inaccurate in not 
showing the calyx or membrane encircling the base of cirri, and in not properly 
showing the pectinated character of the cirri. The correct and beantifbl drawing 
of Mr. Emerton's will be published by Prof. Yerrill in the Proceedings of the Con- 
necticut Academy of Sciences. 

Figure 10. Serpula eraUr, from QaparMe. 

The last three figures are given to show the distinct aeparation of thorax and 
caudal portion. 
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The President announced the death of Prof. Wm. C. 
Cleveland, of Cornell University, a Corresponding Member 
of the Society. 

Mr. W. H. Niles said that Prof Cleveland was well known 
to several prominent members of the Society, who were not 
present this evening. Prof. Cleveland was best known as a 
civil engineer, and it was in this profession and its associated 
studies that the merits of his scholarship and work became 
most prominent. But he also had a genuine love of nature 
and truth, which he never failed to cherish. He made fine 
collections of minerals, plants, mollusca and fossils; and these 
were to him more than curiosities, for he studied their na- 
ture and affinities as a professional naturalist would have 
done. He often surprised his friends by his familiarity with 
the natural history of the region where he resided, and a 
number of the professors at Ithaca were astonished at the 
readiness and proficiency with which he instructed the 
classes in palaeontology and geology, during an absence of 
Prof. Hartt. Mr. Niles had often sought his company for 
geological rambles, and had frequently derived valuable aid 
from him while considering certain difficult geological ques- 
tions. Whoever knew him well, found him thorough in his 
investigations, accurate in his information, and clear in his 
reasoning. 



Section of Entomology. March 26, 1873. 

Mr. J. H. Emerton in the chair. Eleven persons present. 

The following papers were read: — 

Notes on Mb. S. H. Scudder's " Odonata of the Isle of 
Pines." By H. A. Haoen. 

I have already published some notes on the Odonata described by 
Mr. Scudder (Proc. Bost. Soc. Nat Hist., x., p. 187, and xi., p. 
298) in the Stettin Entomologische 2^tung, for 1867, pp. 96 and 
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215, and for 1868, p. 274; also in the Proceedings of this Societjr, 
xv., p. 289. Having now an opportunity, thanks to the Society, for 
an actual comparison of Mr. Scudder's types with those in my collec- 
tion, the following notes will, I hope, have an increased value, my 
previous paper being based on Mr. Scudder^s descriptions onlj, al- 
though these are indeed excellent. 

1. Agrion Maria Scudder. The type is a male, and identical 
with my Neoneura palustris from Cuba; Neoneura carmatica is per- 
haps only a variety of it. Mr. Scudder's name has the priority- 

2. ? Agrion (Ischnura) coecum. The types are two males 
and one female, all having the labels in Mr. Scudder^s handwriting 
on the pins, as throughout the Odonata described by him. The 
males are Agrion coecian, and belong to the variety A. cardenium. 
The female is Agrion (Leptobasis) aduncum Hag. Syn., 79, 9. The 
doubts of Mr. Scudder of the identity with my A. coecum are thus 
explained, the female not belonging to this species. 

8. Aeschna virens. I have not seen the type. 

4. Macromia cubensis. The type is a female. This species 
is Eryihemis longipes Hag. Syn.j 109, 3. Later I found the Brazil- 
ian species different, and named the Cuban species to Mr. Poey 
Erythemis specularis. As I would preserve my name for the Bra- 
zilian species, after which the description was principally made, the 
Cuban species should therefore be named Er, Cubensis. 

6. Tramea insularis. I have seen one of the four male types 
and the female type described by Mr. Scudder. As I stated, Stett. 
Ent. Zeit, p. 223 and p. 226, the male belongs to Tramea insulariSf 
the female to TV. abdominalis. As I am assured by Mr. Poey and Mr. 
Gundlach both species ffy at the same time and localities, the mistake 
in joining the species is not remarkable, indeed, I even received spec- 
imens from those gentlemen wrongly paired. 

6. Libellula auripennis. Types male and female, the species 
of Burmeister, Hag. Syn., 166, 11. 

7. Libellula angustipennis Rbr. The type is a tenend 
male, and not a female, as stated in the paper. As Jtfr. Scudder 
states that he took only one, and the specimen is Labelled by him, 
it is doubtless the t)^pe. It is the smallest specimen I ever saw 
(length about 86 mill., the tip of the abdomen wanting; exp. al. 60 
mill.), but it does not differs from the other Cuban specimens. 

8. Libellula vinosa. Type, male and female. This is Dythe- 
mis rujinerms Burm. Hag. Syn., 162, 1. 
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9. Dythemis frontalis. Type, male and female, is the same 
species of Burm., Hag. Syn^ 165, G. At the time I published the 
Synopsis I had seen only the type of Burmeister. Later I received 
the species from Poey and Gundlach. 

10. Dythemis pleurosticta. Type, male and female. Mr. 
Scudder's doubts about the identity of his species with D, pleuros^ 
ticla Burm.- are well founded. I received later numerous specimens, 
and described them, Stett. Ent. Zeit., 1868, p. 281. Mr. Scudder's 
species is identical with Macrothemis celeno Selys Longchamps, in de 
Sagra's Insects of Cuba, p. 454. • 

11. Mesothemis Foeyi. The type is a male of Dythemis di- 
crota Hag. Syn., 166, 9. 

1 2. Mesothemis Gundlaohii. The type is a young male of 
Mesoinemvi simplicicollis Say. 

18. Diplaz ochraoea. Types two females, one teneral; the 
type of Diplax abjecta Scudder belongs to it as male. Having before 
me the type of />. ochracea Burm., I am sure that it is a different spe- 
cies. Mr. Scudder is right in supposing that L, Justina Selys should 
•have been given as a synonym of this species in my Synopsis, instead 
of L, Justiniana, In my Synopsis L, abjecta from Cuba is described 
afler a male identical with the type of Rambur. But there exists 
in Cuba a nearly related species, by Poey and Gundlach nearly al- 
ways confounded with L, abjecta. To this, as I believe a differ- 
ent species, belong Z>. abjecta male, and D. ochracea female, of Mr. 
Scudder. I think the species is not described, and I propose the 
name of Diplax fratema. An undescribed species, X. Juliana Se- 
lys, is very similar, but not possessing the female, I believe it to 
be more prudent to separate this Brazilian species from the Cuban 
one. 

14. Diplax Justiniana. Type male and female. This is the 
D, Justiniana of my Synopsis. Later I believed them different from 
Selys' species, and separated them as D. ambusta. There are two 
nearly related species in Cuba, but to which of them Z). Justiniana 
Selys belongs, I can not state now with surety. Perhaps Mr. Scud- 
der's determination is the right one. 

15. Ferithemis Domitia. Type male is the variety P. Me- 
uUa Selys. 
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Report on Mb. S. H. Scuddek's Odonata from the White 
Mountains, after an Examination of tde Ttpes- 
By H. A. Hagbn. 

1. Cordulegaster lateralis. Type male. Is identical with Ae, 
dbiqua Say, var. a, the type in the Harris collection, and with a male 
from Massachusetts in my co]lection,'received long ago from Mr. 
Uhler. I believe the species to be C. Sayi Selys. 

2. Aeschna constricta Say. Two specimens from the White 
Mountains, labelled by Mr. Scudder, in the collection of the Cam- 
bridge Museum are the species of Mr. Say. 

8. Aeschna eremita Scudder. Type, male and female; sev- 
eral specimens labelled by Mr. Scudder in the Cambridge Museum 
from the White Mounlalns, also a number from Fort Rcscmitiony 
Slave Lake, by R. Kennicott, in my collection. A very interesting 
species very near to Ae, juncea Linnd, and I believed it to be a va- 
riety possessing a male from the Isle Kenai and Norton Sound in 
Behring's Strait, which I am not able to separate from Ae, juncea. 
^Nevertheless the denticulated carina mentioned for the upper appen- 
dages of the male by Mr. Scudder, is always very marked in the 
American specimens, and so far as I know never in the European. 
Only the male from Kenai agrees with the European ones. I believe 
it right to separate Mr. Scudder*8 species particularly as two veiy 
similar ones, Aeschna crenata from Irkutzk, and Aeschna serrata from 
the Kirghiz Steppe are more related to Ae. crenata by a denticulated 
carina. 

4. Aeschna propinqua. I have not seen the type, but judg- 
ing from specimens from Labrador and Fort Resolution agreeing with 
Mr. Scudder 's descriptions, this is a good species. 

5. Cordnlia eremita. Type, male and female De Selys 
Longchamps and myself compared them with the types of Cordulia 
aUncincta Burm. There is no doubt about the identity; Epitheca al- 
bicincta in De Selys' monograph. 

6. Cordnlia forcipata. Type male. I possess both sexes 
from Forf Resolution. The type (as all belonging to Cordnlia hav- 
ing been in the hands of the latest monographer, Baron De Selys 
Longchamps, by courtesy of this Society) is a good new species. 
Epilheca forcipata in De Selys' monograph; C. ckalybea Syn., 
188, 7 (not described). 
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7. Cordulia ShurUeffii. Type male is identical with C H- 
furcata Ilag. Syn., 127, 4 (not described). 

8. Cordulia Walshli. Type male; EpUheca Walshii in De 
Selys' monograph. A very interesting new species; the female still 
unknown. 

9. Cordulia elongata. Type male and female. EpUheca elon- 
gala of De Selys is identical with C. scUurata Hag. Syn., 138, 12 (not 
described). 

10. Diplax rubioundula. My specimens agree entirely with 
Mr. Scudder's elaborate description of this species. I did not see the 
types from the White Mountains. 

Perhaps the synonymy of the species of Cordulia mentioned only 
by name in my Synopsis, p. 137, 148, may not be out of place here, 
as the species are now fully described. 

C. bifurcata is C. Shurtleffii De Selys Syn., p. 81. 

C. libera is C libera De Selys, p. 29. 

C. procera is EpUheca procera De Selys, p. 29. 

C, chalybea is Epitheca forcipata De Selys, p. 61. 

C. Franklini is EpUheca seplerUrionalis of my Synopsis and of De 
Selys p. 64. 

C. Rwhardsoni belongs to the foregoing species. 

C cingulata is EpUheca cingulata De Selys, p. 68. 

C. tenebrica is Epitheca tenebrosa Say, De Selys, p. 55. 

C saiurata is EpUheca elongata of De Selys, p. 58. 

Mr. Emerton exhibited under the microscope the young lar- 
vae of a water beetle, Cnemidotus muticua. The eggs were laid 
in confinement on the roots of duck-weed. He also showed a 
species of Tortricid {Penthinaf) which he had raised from 
a larva found in Brookline, Mass., on pines. The larva in- 
habits a case made of eight or ten needles joined together 
parallel to each other and forming a tube. 

Dr. Hngen said that Dr. Packard had pointed out to him 
that the crustaceous genus Prosopiatoma was founded by 
Latreille on the larva of a BaBtisca, first described by Geof- 
frey in his Histoire Naturelle des Insects, and on similar lar- 
viB from Madagascar. Walsh (Proc. Entom. Soc, Philadel- 
phia, in., 200) has described the pupa of a Bsetisca and suc- 
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ceeded in raising the imago, but no imago of this genus haa 
been found in Europe. Westwood possesses specimens of 
Prosopistoma received from Latreille. 



April 2, 1873. 
The President in the chair. Fifteen members present. 

Charles Darwin and Carl Ernst von Baer were elected 
Honorary Members. 

Messrs. A. G. Whitman, J. W. Eeene, Chas. H. Andrews, 
Chas. Foster, S. T. Crosby, Horace B. Plumer, F. C. Bow- 
ditch, L. M. Willis, M. D., and S. F. Whitney, were elected 
Resident Membera. 

The following paper was read : — 

Some Remarks upon the Agency of Glaciers in the Ex- 
cavation OF Valleys and Lake-Basins. By Frof. W. 
H. Niles. 

Last summer, while spending most of the season among the Alps, 
the point of greatest scientific interest to me was the origin of the 
topographical features of both mountains and valleys. The respec- 
tive geological parts now performed by the meteoric agents, water, 
frost, snow and ice, formed the principal subjects of my study. I 
went there anticipating the pleasure of seeing the glaciers in the 
process of deepening the valleys and possibly of forming rock-basins. 
As to the extent and character of this work I was somewhat disap- 
pointed, and have returned quite a skeptic upon the theories of the 
excavating agency of glaciers. 

Prof Ramsay, in his theory of the formation of lake- basins, took 
the ground that much of the grinding power of glaciers was at or 
near their terminations. He maintained that there the ice would 
tend to heap up and attain an unusual thickness, and that the motion 
was not so much by virtue of gravity as by being pushed along by 
the ice descending from the middle, and upper portions. Such con- 
ditions he considered would give the lower ends of glaciers an extra 
erosive power, by which they would, particularly in soil places, exca- 
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Tate or hollow out the rock into basins, which being filled with water 
on the retreat of the glaciers, would form lakes. Prof. Tyndall had 
objected to this, because at such places glaciers are almost stationary. 

I have seen no glacier which appeared to me to be excarating 
the rock at its termination in the manner required to form lake- 
basins. On the contrary the lower ends of most glaciers do not even 
extend into basin-like depressions. Many glaciers terminate on the 
steep slopes of mountains, and some at the edges of precipices. 
Certainly a glacier cannot be deepening a basin so long ns it reaches 
only to its outer edge. In many instances the rock under the ice at 
the lower ends is convex rather than concave, and sometimes a mass 
of rock divides the glacier into two parts, as is the case with the Bies 
Glacier. ^ 

In studying the manner in which glaciers now grind the rock be- 
neath them, we see what Prof. Agassiz has taught, that the greatest 
erosive force is exerted upon the convex or prominent portions of 
the surface. The Gomer Glacier furnishes superior opportunities for 
getting at its under surface in places, and of observing the contact 
of the moving ice and the rock. At such places the ice rests princi- 
pally on the eminences, and bridges the hollows between them, sis so 
well described and illustrated by Mr. Edward Whymper. Under 
such conditions the prominent portions must receive the full erosive 
power, and it becomes evident that the valley cannot be much deep- 
ened by present processes till these elevated places are leveled. But 
suppose the action to go on till all such prominences are removed, 
the glacier would then move over such a smooth and even surface 
with less resistance, and the grinding process would go on still more 
slowly than on the eminences. But the elevations still remain under- 
neath the larger glaciers, which have flowed over them for ages, and 
their existence ^hows that these valleys can have been deepened only 
to a limited extent by the erosion of these glaciers. 

Furthermore, such rorhes mautonnees are well known to be among 
the most common proofs of ancient glaciers, and they are found in 
larger as well as in smaller valleys. Sometimes still larger elevations 
standing in the valleys show how incompetent the glaciers have been 
to remove exposed masses of rock. A striking example of this is 
seen in the masses upon which the castles of Sion now stand, in the 
valley of the Rhone. As has been observed and stated by many 
others, it is at least difficult to understand how glaciers could have 
formed the Alpine valleys by excavation, when we consider that 
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these prominences now exist in them, on the eroded sides of which 
the finer glacial striae are well preserved, while on the lee sides there 
are often angular rocks, which show no traces of glacial action. 

The recent and rapid recession of many glaciers has given some 
fine opportunities for studying the surface features of the rocks of 
their beds, before they become much obscured by debris and vegeta- 
tion. The ascent of the Mettelhorn from Zermatt afibrds an exam- 
ple. After crossing the ranges of the Blatterhomer, the course leads 
through a small elevated valley, which at no remote time was occu- 
pied by a glacier. Last summer the snow remained on the steep 
sides of the amphitheatre firom which it formerly descended to form 
tiie neve^ but the bottom was mostly bare. . Here was an opportunity 
of seeing the rock surface nearly as the glacier left it. But except- 
ing the barrenness, the features were of the same general character 
as in other valleys. There were no ponds nor basin -like depressions, 
but there were raches montouneeSf and ordinary forms of glaciated 
surfaces. 

From all I have observed, I am led to the belief that if we es- 
tablish our convictions concerning the agency of ancient glaciers 
upon what we can observe of the work of existing ones, then we 
must conclude that glaciers were not the principal agents in the ex- 
cavation of valleys. 

I believe the geological agency of glaciers is chiefly the trans- 
portation and reduction of the rocks and stones broken from the 
mountains, mostly by firost and avalanches, and hurled down upon 
them or into their crevasses. The amount of this geological work 
performed by any glacier depends not upon its size, but upon »the 
precipitous character of the sides of its valley. It often happens 
that small glaciers transport more than large ones. Standing on the 
Hornli, a spur from the Matterhom, on one hand is the Zmutt Gla- 
cier, whose tributaries come from the bases of the gigantic precipices 
of the Matterhom, the Dent (THerens, and the Dent Blanche , and its 
surface is literally covered with moraine matter. On the other hand 
is the great Gorner Glacier, whose branches come from a region of 
extensive snow-fields, with but comparatively few bare rocks, and the 
materials which it transports would be but a mere fi-action of the 
amount carried by the much smaller Zmutt Glacier. The vast fields 
of snow seem to act like a blanket for the protection of the rocks, 
rather than as a destructive agent. Some have supposed that the 
great ice sheet of the glacial period acquired an immense power fi-om 
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the fact that it covered nearly all elevations. But the Alpine gla- 
ciers now obtain most of their freight from the extensive and precip- 
itous bare, or half clad slopes, where frost and avalanches, not 
glaciers, carve out the rock and shape the peaks. 

If, therefore, the valleys were not formed by glaciers, how were 
they produced? I am not a believer in the old fracture-theory, but 
in all the steep lateral valleys of the Alps the observer may see tor- 
rents of water cutting deep gorges in the rock; the frost breaks up 
the rocks at the sides, and the process of deepening and widening, 
or of valley excavation, may there be seen and studied. I believe 
it was so in the past, and that the valleys, in which the glaciers now 
are, were not formed by them, but rather that they received their 
courses and limits from the valleys. 



April 16, 1873. 

The President in the chair. Twenty-four persons present. 

Mr. Wm. T. Brigbam exhibited a fine collection of photo- 
graphs, taken by Prof. Hayden's surveying party, of the 
Yellowstone Park country, and described the scenes thus 
illustrated. 

Mr. BouvS exhibited a fine Japanese crystal ball presented 
by Thomas Gaffield, Esq., to the Society. 



Section of Entomology. April 23, 1873. 

Mr. E. P. Austin in the chair. 

The following paper was read : — 

Anisopteryx vernata distinguished from a. pometabia. 
Br B. PicKMAN Mann. 

The question of the difference between Anisopteryx vernata and 
Anisopteryx pometaria having been raised, I have looked over my 
notes, and made some new observations, with the results contained in 
this paper. 
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In the following descriptions I have drawn as mnch as posnble 
from Harris' Treatise on Some of the Insects Injurious to Vegeta- 
tion, and have indicated by italics the portions so adopted. 

First, I ^ve the characters which, as far as I know at present, are 
common to both species. 

I'he arUenncs of the male have a very narrow and almost downy edg^ 
ing, on each side^ hardly to be seen with the naked eye. The feelers are 
minute and do not extend beyond the mouth. The tungue is not visible. 
The wings are large^ very thin, and silky; and, when the insect is at 
rest, the fore wings are turned back^ entirely cover the hind wings, and 
overlap on their inner edges. The female is wingless, and its antenna 
are short, being about half the length of the body, filiform, and slen- 
der. Its body approaches to an oral form, Harris adds, but tapers 
and is turned up behind. I am not able to say whether this character 
is common to both species or not 

I find the following differences between the species: — 



Anitopteryx venuUa, 

The first Mven rings of the abdo- 
men of both sexes with no spines 
npon the back. 



Fore wings of male ash-colored, with 

a distinct whitish tpol on the front edge, 
near the tip; 

[fore wings] crossed by. two Jagged, 
whitish bands; the outermost band has 
an angle near the front edge. The 
white bands are often entirely wanting, 
in which cau only the whitish qtot near 
the tip remains. 

Along the sides of the whitish bands 
there are several blackish dots, each on 
a nenrurc, and all generally con- 
nected together by a dosky band 
which includes them, and nms on 
that side of each whitish band which 
is towards the other. These bands 
remain visible when the whitish bands 
are wanting. 



Anisqpteryz pometaria. 

The first seven rings of the abdo- 
men of both sexes bear each upon 
the back two transverse rows of stiff 
red spines pointing towards the end 
of the body. 

Fore wings of male ath-erlored or 
brownish-gray; 

the whitith spot found on the fore 
wings of A, vemata is wanting. 

The whitish bands found on the 
fore wings of A, vemata are wanting, 
but there is a jagged, submarginal 
white band on tiie upper side of the 
fore wings in most specimens. 

There are three intermpted, dmsky 
Unes <icross the fore wings, instead of 
two lines, as in A. vemata. Some- 
times these lines are only indicated 
by dark spots on the fit>nt edge of the 
wing, and by blackish dashes at the 
crossing of median nervure; rarely 
are they very distinct throughout 
their whole extent 
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Within the angle of the outermost 
whitish band, near the front edge, 
there is a shorty faini, Machish Une, 
following a nenrure; and there is a 
row of black dots along the outer mar^ 
jfin, dose to the fringe. 

The hind wings are pale ash-colored, 
or light gray, trith a faint blackish dot 
near the middle. 

In most specimens a curved white 
band is plainly visible on the hind 
wings, about half way between the 
middle and the end. 

The outermost white band of the 
fore wings, with its angulation, and 
the band of the hind wings, are also 
visible on the under side of the 
wings. Within the angulation is a 
brown or blackish spot on the costa. 



The wings expand about one inch 
and a- quarter (82 millimeters), vary- 
ing between 26 and 84 millimeters, 
and predominating at 30 millimeters. 

Antenna of the female naked. 

Abdomen not terminating in an ovi- 
positor, rather bluntly tapering be- 
hind. 

Whole body and legs of the female 
smooth, clothed with glistening brown 
and white truncate scales intermixed, 
giving it an appearance of uniform 
shiny dark ash-color above and gray 
beneath. 



There is an obUqut, blacUtk dash 
near the tip of the fore wings, cross- 
ing a nervure; and there is a dis- 
tinctly interrupted or nearly uniform 
continuous line of blackish along the 
outer margin, close to the fringe. 

The hind wings are pale ash-colored, 
or very light gray, with a faint black- 
ish dot near the middle. 

The white band found on the hind 
wings of A, ffemata is wanting. 



On the costa, opposite the begin- 
ning of the outermost dark band of 
the upper surface, and on the edge of 
the disk, are dark spots on the lower 
surface of the wings. Along the 
median nervure beneath is a dark 
line. These marks are sometimes 
indistinct. 

Of a rather smaller size than A, 
vemata, varying between 22 and 88 
millimeters,' and predominating at 
29 millimeters. 

Antennas of the female. pubescent. 

Abdomen terminating in a retrac- 
tile ovipositor, rather acutely taper- 
ing behind. 

Whole body and legs of the female 
pubescent, clothed with whitish and 
brown or black dentate scales or 
hairs; general coloration not uniform. 
A black band along the middle of the 
back of the abdomen, often inter- 
rupted on the second to seventh 
rings; with a whitish patch each side 
of its front end; the spines frequently 
giving a reddish appearance to the 
part they occupy. 

Crest of prothorax and mesothorax 
black. 



iQne spMlmen in my oolleetloii with all the other charaetert except siae* 
«B 88 millimeters. 
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Length of the female 6-10 mm. Length of the female BS mm. 

Of 16 dated specimens of the male Of 16 dated specimens of the male 

in my collection, 12 were taken in in my collection, 1 was taken in 

October or November, and 4 in March March and 16 in April, 

or April. The two spring specimens Of nine females in my collection, 

in my collection now are among the all were taken in April. Among sev- 

most strongly characterized I have. eral hundred females of A, vemata 

Of several hundred females in my taken in November I do not find one 

collection, four were taken in April female of this species, wherefore j 

and the rest in November. think it probable that this species is 

found only in spring. 

I mast acknowledge myself indebted to Mr. H. K. Morrison for 
the suggestion that I should find A, vernata a fall species and A. pom- 
etaria a spring species. It seems as if the occurrence of A. vemata 
in spring might be explained by considering the spring specimens as 
belated. The necessity of applying the name vemata to a fall spe- 
cies illustrates the danger of attempting to give names characteristic 
of season or locality. 

I hope observers will take note next spring whether the eggs of A, 
pometaria do not want the jug-like shape and lid-like upper end 
which are seen in the eggs of A, vemata, also whether the eggs 
are not laid separately in chinks of bark, and whether their num- 
ber is not about sixty, instead of over two hundred, as in ^4 . ver- 
nata» I have only seen apparently immatare eggs in the female.^ 

Dr. Hagen exhibited a book from a library at Beaufort, 
N. C, which was ruined by white ants {Termes flavipes). 

Dr. Hagen also stated that he was engaged on a revision 

of the North American Phryganidae, and gave the following 

list of species to illustrate the northern distribution of the 

sub-family. 

Sub-family PHRTOANiDiE. 
Neuronia. 

1. dossuaria Say (LimnophUus dossuarius Hag. S3m.). N. England. 

2. concatenata Walk. (Jrrorata Hag. Syn.). New England. 

1 A few days after the presentation of the above oommanication Mr. Morrison 
Informed me that he had lately seen a female A, pometaria thrust her ovipositor 
In between the chinks of bark of the apple>tree, and lay an egg there. He pulled 
off the bark and found eggs beneath. He had also seen the female thrust her ovi- 
positor into the crack of a board fence, and lay an egg there. He did not observe 
the shape of the egg. 
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8. stygipes Harr. New England. 

4. oceUigera Walk. Nova Scotia (perhaps N, stygipes), 

5. Pardalis Walk. White Mountams. 

6. semifasciata Say. U. S., northern part. 

7. postica Walk. U. S., middle parts. 

8. oceUifera Walk. U. S., middle and southern parts. 

9. angustipennis Hag. N. England (perhaps N, fusctda Walk., 

Rhyac ophila fuse. Hag. Syn. 
Phiyganea. 

1. cinerea Walk. N. England. 

2. interrupta Say. (LimnophUus interruptus Hag. Syn.) New Eng- 
land. 

3. improba Hag. Saskatchawan, N. England. 

4. vestita Walk, (the male is P. commixta Hag. Syn.). N. Eng. 
Agrypnia. 

1. colorata Hag. Saskatchawan. 

2. straminea Hag. Saskatchawan. 

3. glacicUis Hag. Saskatchawan. 

Neuronia signcUa and iV^ no/o/a Hag. Syn. do not belong here, so 
that the 1 1 species of the Synopsis are reduced to 8. Now the num- 
ber is doubled; six are described for the first time : N, stygipes^ 
N, angustipennis, P. improba, and the three species of Agrypnia. 



EBRATA. 

Page 22, line 2, for aiiTOBcincta» read aureodncta. • 

Page 24, line 11, for Carithidea read Cerithldea. 

Page 210, 4th line from bottom, fbr ErismcUura donUniea read B. nMda. 
Page 222, line 28, for noyaboracensis read noveboracenBis. 
Page 286, line 10, fbr ccnUa read ocemlea. 

Page 187, the Bmchna mentioned as B, ffranarku has not been identified with 
that species bj Mr. Mann. 

PBOOZBDINOB B. 8. N. H. — VOL. ZY. 25 OOTOBXB, 1873. 
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femorata, 291. 
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Bctiaca,876. 

Babenoptera moBcnlofl, 26. 

Bemicla canadensis, 241. 
Hutchlnsi, 210. 

BlOKNELL, £. On a method of exhib- 
iting the formation of crystals, 311. 

Bittacus stigmaterus, 300. 

Boll, James. Exhibition of winter in- 
sects, 47. 

Bonasa umbellus, 227, 240. 

Bopyrus, 256. 

Boreas bnimalis, 25, 155, 300. 

nivorinndus, 25, 156, 300. 

Botanms leutiginosus, 209, 240. 

Brachiopoda, systematic j>osition of, 815. 

Bbewer, Db. T. M. On the appear- 
ance of Oporomis agHis in Mass., 3; 
on the remarkable abnndance of Den- 
droica castanea in Wis. and Mass., 192. 

Bubo vin^niana8, 208, 226, 232. 

Bucepham albeola, 210. 

americana, 210. 

Bttbbank, L. S. On some natural or^ 
naments of the Mammoth Cave, 162. 

Buboess, Edwabd. Elected Record- 
ing Secretary and Librarian, 47. 

Buteo borealifl, 232. 
lineatuA, 242. 

, pennsylvanlcns, 226, 242. 

Butorldes virescens, 227, 240. 

Calamosplsa bicolor, 201. 
Calopteiyx leqnatilis, 274. 

lateralis, 376. 

macnlata, 273. 

8ayl, 376. 
Cardinalis virginianns, 224. 
Carpodacus Cassini. 199. 

frontalis, 199. 

purpureus, 242. 
Cat, origin oi the domestic, 169. 
Cathartes aura. 227, 232. 
Catherpes mexi<»nus, 196. 
Celithemis eponina, 263. 
Centrocercns nrophaslanns, 209. 
Centurus carolinns, 226, 233. 
Cerithidea twrita, 24. 
Certhia americana, 236. 
Ceryle alcyon, 206, 225, 233. 
Chfetura pela^ia, 225, 233. 
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Chaulelasmns strepems, 210. 
Chanliodes denticomis, 298. 

maculatus, 299. 

pectinicomis, 298. 

rastricomis, 296. 

serrioomis, 299. 
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Chloroperla blUneata, 289. 

branelpennis, 289. 
Chondestet gnunmaca, 201, 237. 
Chordeiles popetae, 206, 225, 233. 
Chryaomitru pinus, 190. 

&i8ti8, 199, 2d4, 236. 
C^marrha aterrimA, 297. 
Ciniflonidc, splnnereta and web of, 303. 
Circiu hadaonicus, 233. 
Cistothonu naliutris, 196, 242. 

stellaris, 236. 
Clabke, Galen. Explorations in the 

Toaemite, 209. 
Clevelaio), Pbof. Wm. C, death of, 

373. 
Cloe nndata, 292. 
Cnemidotus muticos, 377. 
Coccygns americanua, 226, 233. 

erythrophtlialmua, 226, 233. 
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b, 19. 
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DcspL'icel, 18. 
macronatom, 19. 
pettos, IG. 
Cdaptee aaratos, 226, 233. 

mexicanuA, 207. 
CoUorio borealis, 106, 235. 

excnbitoroides, 196. 
ladoviciouus, 235. 
Colorado, birds of, 193. 
Colymbus torquatus, 242. 
Comopterygina, 248. 
Contoptu borealis, 206. 

Ricliardfloni, 206. 
virens, 225, 233. 
Cononu carolineusis, 233. 
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maculatus, 273. 
Sayi, 273, 376. 
Cordulia albicincta, 376. 
blf areata, 377. 
chalybea, 376, 377. 
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elongata, 377. 
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f orcipata. 376, 377. 
Franklinl, 377. 
lepida, 270. 
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Richardson!. 377. 
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Ck>tyle riparia, 198, 223, 235. 
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Cbotch, J. R. Method of collecting 
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Copidonia cupido, 240. 
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of, 187. • 

Darien. geology of, 191. 
Dendroica csttVa, 197, 222, 235. 
Anduboni, 197. 
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castanea, 4, 192. 
ooemlea, 222, 235. 
coronata, 196, 236. 
dominica, 222. 
maculosa, 235. 
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striata, 235. 
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Berenice, 266. 
£li8a,266. 
fratema,375. 
Justiniana, 876. 
minuscula, 268. 
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Ectopistes migratoria, 240. 

Emerton, J. H. On the habits of Xy- 

gale, 303; on the spinnerets and web 

of the Onillonids, 303. 
Bmpidonax acadicus, 225. 

llaviventris. 242., 

mlnlmnfj 234. 
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pusUlus, 206. 
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decora, 290. 

lateipennki, 292. 

natata,292. 

tenninalls, 292. 
Bphemerella excmdan*, 292. 
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Bpitheca fordpata, 26a 
obsoleta, 268. 
Eremophila comnta, 202, 236. 
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Euspisa americana, 238. 
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Fulix alfinis, 210 
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Gelasimos puguax, 256. 
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Goiraca Indoviciana, 238. 
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Hemerobina,243; on the egos of Fer- 
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"Odonata of the Isle of Pines,'* 373; 
on Mr. Scudder's " Odonata from the 
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bostlB, 295. 
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mononenros, 300. 
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Leptooenu alternlcomis, 297. 
maculicorniSy 297. 
nlger, 298. 
tanatus, 297. 
yarie^os, 297. 
Lettes enrlntis, 27o. 
hamata, 275. 
rectangnlarisi 275. 
nngniculata, 275. 
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aaripennis, 266, 374. 
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transversa, 268. 
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Macrorhaniphns griseos, 241. 
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Marginella aureocincta, 22. 
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i:33. 
torqoatus, 207. 
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